A CAHNERS PUBLICATION EUROPEAN EDITION JANUARY 2, 1992 
Multichip modules call-for 




















® 
design standards pg 35 
Monolithic op amps offer 
high speed at low cost pg 53 
C++ combines elements of 
C and OOP languages pg 97 
Design Ideas pg 105 


ELECTRONIC TECHNOLOGY FOR ENGINEERS AND ENGINEERING MANAGERS 





& 











Le 


ALLAN 













wt © 
. . FS if \ 
ATAATLAALGAeS NAA 5 
‘ 4 4 i bo ay age at a asiaseicthi 
4) \ i $ ; 4 \} \ \ A é: A ay ah at \' we ” if a; ee — 
4 ’ & Lie rs 2 i i 
. gt at a Fe 
BEL ; 
ns z 
i ‘ 
¢ x 
2 J 
3 
af gt 
HE, Sake 
: s 
] 
; 
Fal 
= 
i 
i 
? eS 
‘ ee Bick: 
% 
i) 


‘Special Report: * 


High-density PLDs 
pack thousands of gates’ 


into one chip pg 76 








ULTIMATE CONTROL 


No one can give you control of your GPIB test system like National Instruments can. 


PERFORMANCE 

The NAT4882™ chip makes our GPIB controller 

boards completely IEEE-488.2 compatible. 

When the NAT4882 is teamed with the 

Turbo488® performance chip, you get the 
maximum IEEE-488 transfer rate of 1 Mbytes/sec for both read 
and write operations. 


Use our industry-standard NI-488® software to control your 
GPIB instruments and give your test programs maximum 
throughput, regardless of your choice of personal computers 
or workstations. 


COMPATIBILITY 

The NAT4882 controller chip is also compatible with the 
controller chips of the past, so you get the best of both worlds — 
complete compatibility with your existing applications and the 
ability to meet your future requirements. 


And when your controller needs change, NI-488 programs are 
compatible across many different platforms and operating 
systems — without modification. 


UPGRADE PROGRAM 

Existing PC, PS/2, and Macintosh customers can upgrade to the 
benefits of IEEE-488.2 and increased performance through a 
Special upgrade program. 


TRAINING 
Learn even more ways to improve your test system by taking 
our hands-on, IEEE-488 training course. 


For more information on how you can 
have the ultimate GPIB control, call: 
(512) 794-0100 or 

(800) IEEE 488 

(Toll-free U.S. and Canada) 


NATIONAL 


» INSTRUMENTS 


The Software is the Instrument ® 


6504 Bridge Point Parkway 
Austin, TX 78730-5039 


AUSTRALIA (03) 879 9422 * DENMARK (45) 76 73 22 « FRANCE (1) 48 65 33 70 * GERMANY (089) 714 5093 « ITALY (02) 4830 1892 
JAPAN (03) 3788 1921 * NETHERLANDS (01720) 45761 * NORWAY (03) 846 866 « SPAIN (908) 604 304 * SWITZERLAND (056) 45 58 80 ¢ U.K. (0635) 523 545 
Product names listed are trademarks of their respective manufacturers. Company names listed are trademarks or trade names of their respective companies. © Copyright 1991 National Instruments Corporation. All rights reserved. 
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Truly incredible...superfast 3nsec GaAs SPDT reflective or absorptive | SPECIFICATIONS (typ) 
switches with built-in driver, available in pc plug-in or SMA connector models, 
from only $19.95. So why bother designing and building a driver interface to Absorptive SPDT Reflective SPDT 
further complicate your subsystem and take added space when you can YSWA-2-50DR YSW-2-50DR 
specify Mini-Circuits’ latest innovative integrated components? ZYSWA-2-50DR ZYSW-2-S50DR 

Check the outstanding performance of these units...high isolation, — Frequency dc- 500- 2000- dc- 500- 2000- 
excellent return loss (even in the “off” state for absorptive models) and 3-sigma (MHz) 500 2000 5000 500 2000 5000 
guaranteed unit-to-unit repeatability for insertion loss. These rugged devices __ ns. Loss (dB) Vid Naw 1.3 1.4 
operate over a -55° to +100°C span. Plug-in models are Isolation (dB) 42 31 20 40 28 
housed in a tiny plastic case and are available in tape- ta saath: lees bo a oe ps a 
and-reel format (1500 units max, 24mm). All models ae ae SOG ie 
are available for immediate delivery with a one-year Wideo Bithrit 30 30 30 30 30 
guarantee. - = (mV,p/p) 

: S 2 Sw. Spd. (nsec) 3 3 3 3 * 3 

Price, $ YSWA-2-50DR (pin) 23.95 YSW-2-50DR (pin) 19.95 
(1-9 qty) ZYSWA-2-50DR (SMA) 69.95 | ZYSW-2-50DR (SMA) 59.95 
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25KHz to Z0OOOMHz 4 
from$450 4 
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5-YR. GUARANTEE * 



















































































Our tough SBL-mixers just got * 
tougher, by including Mini-Circuits” 
exclusive Ultra-Rel diodes that can . 
endure 160 hours of test at a scorching 
300°C. Rugged, more reliable mixers in 
your systems lower production and test costs 
and increase systems reliability. 

Over the past fifteen years, millions of SBL- units 
were installed in formidable industrial and commercia 
applications. Under severe operating conditions, they have 





SBL SPECIFICATIONS (typ). 
Frequency Conv. Loss_ Isolation (dB) |LOLevel Price, $ ea 


earned the reputation as the world’s most widely accepted Model (MHz) (dB) [-R ba. {dB Gat) 
mixers, based on quality, consistent performance in the field, alae sp . ze He " iW ane 
C * 3 ; + ; 
and lowest cost. : : SBL-1Z 10-1000 65 35 25 +7 7.25 
In addition to the Ultra-Rel diodes, each SBL contains ie 1 Feb sie - = a fo 
components that can withstand the strenuous shock and ° SBL-11 MOP Soon FG 35 30 7 ae 
vibration requirements of MIL-STD-28837 along with more men sr 5.8 68 45 +10 5.50 
than 200 cycles of thermal shock extending from -55 to+100°C. —, sar i 4641600 60 oy ee roe 
Every Ultra-Rel™ SBL-mixer carries a five-year guarantee. ee: Pe 59 al 54 +10 8.25 
. . . oe . e< - = e + : 
Unprecedented 4.5 sigma unit-to-unit repeatability is also e SBL_11LH 5-0000 70 AS 30 +10 1975 
guaranteed, meaning units ordered today and next year will Soe : -500 55 45 40 +13 9.80 
provide performance identical to those delivered last year. ° IF nate nie a i = ms nee 


Tougher SBL-mixers, spanning 25KHz to 2000MEHz, with 
+7dBm, +10dBm, and +13dBm LO models, priced from $4.50  *ULTRA*REL™ MIXERS 5 yr. Guarantee 


with extra long life due to unique HP monolithic diode construction, 


(10 qty) are available only from Mini-Circuits. Dont settle for 300°C high temp. storage, 1000 cycles thermal shock, vibration, 
a substitute or equivalent...insist on Ultra-Rel™ SBLs. acceleration, and mechanical shock exceeding MIL requirements. 
finding new ways ... 
Seung Ngee * a 
4 P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 Telexes: 6852844 or 620156 F143 REV 
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On the cover: High-density PLDs sim- 
plify design modifications and push 
clock speeds of 10 to 50 MHz. Choosing 
from the scores of PLDs available may 
be the toughest part of your design. 

See our Special Report on pg 76. 
(Photo courtesy Xilinx Inc; graphics 
by Harold Johnson) 
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SPECIAL REPORT 


High-Density PLDs 76 


The flexibility of high-density PLDs makes them attractive in 
many applications, but the lack of a universal yardstick for com- 
parison makes it difficult to find the best choice for your 
application.—Doug Conner, Technical Editor 


DESIGN FEATURE 


C++ has C’s familiarity 97 
and OOP capability 


C+ + adds a host of new features to C, including object-oriented 
programming (OOP) abilities. If you program in C, you can use 
these features without having to learn a whole new language. 
—George Ellis, Industrial Drives 


TECHNOLOGY UPDATES 


Multichip modules: Lack of standards 35 
impedes design issues 


Multichip modules can double your circuit’s performance, but 
limited die availability, heat dissipation problems, and testability 
issues will also boost your design and production costs. Not every 
application can justify the extra effort and expense this new 
technology demands.—J D Mosley, Technical Editor 


High-speed monolithic op amps: 53 
Low-cost op amps break speed barriers 


Today’s $3 monolithic op amps can outdo their $50 hybrid cousins 
and contend for many discrete closed-loop designs.—Anne Watson 
Swager, Technical Editor 


PRODUCT UPDATE 
50-MHz synchronous cache RAMs 73 
Continued on page 7 


EDN®(ISSN 0012-7515, GST Reg. #123397457) is published 48 times a year (twice monthly with 2 additional issues 
a month, except for March and October, which have 3 additional issues and July and December which have 1 addi- 
tional issue) by Cahners Publishing Company, A Division of Reed Publishing USA, 275 Washington Street, Newton, 
MA 02158-1630. Terrence M McDermott, President/Chief Operating Officer; Frank Sibley, Executive Vice President; 
Jerry D Neth, Senior Vice President/Publishing Operations; J J Walsh, Senior Vice President/Finance; Thomas J 
Dellamaria, Senior Vice President/Production and Manufacturing; Ralph Knupp, Vice President/Human Resources. 
EDN®is a registered trademark of Reed Properties Inc., used under license. Circulation records are maintained at 
Cahners Publishing Company, 44 Cook Street, Denver, CO 80206-5800. Telephone: (303) 388-4511. Second-class 
postage paid at Denver, CO 80206-5800 and additional mailing offices. POSTMASTER: Send address corrections 
to EDN® PO Box 173377, Denver, CO 80217-3377. EDN® copyright 1992 by Reed Publishing USA; Robert L Krakoff, 
President and Chief Executive Officer. Annual subscription rates for nonqualified people: USA, $119.95/year; Mex- 
ico, $169.95/year; Canada, $181.85/year; all other nations, $207.95/year for surface mail and $329.95/year for air mail. 
Single copies are available for $20 USA and $25 foreign. Please address all subscription mail to Ellen Porter, 44 
Cook Street, Denver, CO 80206-5800. 





Our Westcor division’s family of configur- 
able AC or DC input fan cooled StakPAC 
switchers reveals a new world of power 
density and output flexibility to the system 
designer...whatever your power needs. 
Each StakPAC is built with field proven ro- 
botically manufactured Vicor VI-200 Series 
power components providing you the flexi- 
bility of a customized supply combined 
with the off-the-shelf availability of stan- 
dard catalog products...“first article” Stak- 
PACS are typically delivered in 2 weeks. 


Compact, up to 6W/in3, low profile StakPACs 
set the standard for “box”or open frame 
switchers. Besides meeting conducted EMI 
standards, custom configured StakPACs are 
pre-approved to UL, CSA, TUV and VDE 
safety standards (DC Mini- in process). 


Power Revelation 





MODEL POWER OUTPUTS INPUT DIMENSIONS 
(inches) 

StakPAC 1,200W upto8 _ 110/220 22%5.5 x 115 
VAC 

MINI 600W upto5_ 110/220 1.9 x 5.5 x 12.2 
VAC 

DC MINI 800W upto5 5Ranges 2.5.x 43x 12.2 

18-76 VDC 
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Whether your application is OFF-LINE or 
DC INPUT, chances are we have a solution 
for you...we are designed into computer, 
telecom, and test measurement systems 
worldwide. Please call us to discuss your 
needs, then relax...bulky standards and 
risky long lead-time custom supplies be- 
long to the past. Discover the new world of 
configurable supplies: StakPAC, MiniStak- 
PAC and DC Mini. 


Call VICOR EXPRESS for information and 
be sure to ask for a StakPAC or DC Mini 
Handbook: (800) 735-6200 or (508) 470-2900 
at ext. 265. Or call Westcor (west coast) at 
(408) 395-7050. 
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Since we're one of the 


largest memory suppliers 
in the world and the 
Samsung SRAM program 
is one of the best, our 
advertising agency thought 
we should find a more 
dignified way to get ournew 
fast 1-megs into your hands. 


OUR ADVE! 


RECOMMENDED / 


But we know that once 
you try them you'll buy 
them. And we believe these 
guys are, once again, over- 
thinking. So: free SRAM 
it 1s. 

Our fast l-megs run at 
20 ns and are in full produc- 


tion in large quantities now. 


© Samsun g Semiconductor, Inc., 1991. 3725 No. First St., San Jose, CA 95134. 








20 ns |-MEG SRAMs FROM SAMSUNG 





Part Organization Features 


KM641005* 256K x 4 Separate I/O 
KM641001° 256K x 4 
KM681001° 128K x 8 
KM611001° IM x 1 


Like our 256K and 64K 
parts, which we’re sampling 
now and will have in full 
production Q1 1992, they’ re 
part of our major SRAM 







TISING AGENCY 
NST THIS APPROACH. 



























commitment. We use our 3 15 ns 256K AND 64K SRAMs FROM wane 3 \... it won't matter 
formidable DRAM capac- : ™ CORR eo ' what the agency thinks. 
. KM64258B 64K x 4 Output Enable : 
ity to make them - KM64259B 64K x4 Sep. I/O, High Z 
: " _KM64260B 64K x 4 Sep. I/O, Low Z 
All partsareinDIPand ~- \M6s2578 Ke 
KM61257A* 256K x | 
SOJ. Our new 256K and : kMe4257A" 64K x 4 
: . KM6466B* 16K x 4 Output Enable 
64K chips run at 15 ns. HN os es ; 
: ? KM6865B 8K x 8 : 
So if speed, technology, * Available now. SAMSUNG 
superb breadth of line, and : enoughforyou—maybeour - 
state-of-the-art parts aren't free chip offer will be. - Technology that works for life. 
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Now you know all the angles. 























AMP and MICRO-EDGE are trademarks of AMP Incorporated. 





AMP MICRO-EDGE SIMM sockets 
give you all the advantages you need 
for maximum packaging flexibility. 
Straight, slant, and right-angle 
versions provide just the board- 
space/stack-height combo you want. 
Straight and slant versions come 
in single or dual styles on .100” and 
050” centers. Our latest right-angle 
versions offer .100” or .050” centers; 
50-mil styles give you a choice of 
125”, .160”, or .250” card slot heights 
to simplify tight packaging with either 
single- or double-sided modules. 
Contact designs offer very low ‘cam- 
in’ insertion force and high normal pad 
forces for easy, secure seating. Contact 





deflection accommodates all standard 
JEDEC-specified modules, and contacts 
‘float’ to handle uneven thermal expan- 
sion. Choose gold or tin on contact 
mating surfaces to match your require- 
ments. Liquid crystal polymer housings 
assure strong, durable ramps; patented 
metal latches (LCP on .125” ra. styles) 
provide positive module retention. 


Call the AMP Information Center near you: 
Scandanavia: 


Sweden 0758-10 400 (fax 0758-194 70) 
CIRCLE NO. 17 





Central Kurope: 
Holland 073-200 911 (fax 073-212 365) 


Germany 06103-709 659 (fax 06103-709 619) 
Great Britain: 081-954 2356 (fax 081-954 6234) 
Southern Kurope: 

France 1-34 48 27 20 (fax 1-8080 4550) 

Italy 011-71781 (fax 011-778 1116) 

Spain 03-200 84 66 (fax 03-201 78 79). 








Hewlett-Packard Optoelectronic Components 


Innovation through Tradition: 


”High Speed CMOS* — 
~ Internal Logic. 


An oyster shell is 
a perfect example 
of form and 
function. 
Sometimes it can 
also be the home 
for a valuable pro- 
duct: the pearl. 


Hewlett Packard’s Opto- 

couplers can be likened 

to an oyster shell with 

the new generation of 

Optocouplers from HP 

being the home for the 

pearl of Optocouplers: 

a CMOS Logic IC. This IC 

offers a family of pro- 

ducts with the following 

benefits: 

@ CMOS IC Technology 

@ No external compo- 
nents required to 
interface to standard . 
logic 

@ High speed: 15 MBd 
and 50 MBd 
guaranteed 

@ Worldwide safety 
approval 

@ VDE 0884 

@ Tri-state outputs 

@ Low power con- 
sumption 


The High Speed CMOS 
Optocoupler is available 
only from us and at one 
of our distributors. 


Detailed data sheets are 
waiting for you. Please 
contact Hewlett-Packard 
GmbH Components Mar- 
keting Europe 

FAX: (49) 7031-14- 
1750 


"Innovation 
through Tradition“. 


(7) eackaro 
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EDITED BY SUSAN ROSE 


As « cpu LOCAL BUS EXTENDS TO PC ADD-IN CARDS 


_-‘1/0-intensive peripherals on ISA-based personal computers suffer from an 8- MHz 


8 limit on the bus speed. To bypass this bottleneck, manufacturers of ICs for functions : 
such as video graphics and SCSI interfaces developed devices that connect directly | 
to the CPU’s local bus. The local bus solution, however, forces designers to put: ie 
ee peripheral interface device on the mother board, Hmniting design flexibility. 


The situation has now changed. The DXBB AT- logic chip set from Opti Inc extends , 
‘the local bus to a card-edge connector. The company has also defined the extension’s — 


ee pinout on an EISA-type connector, letting the connector carry both ISA and local 


_ bus-extension signals. The chip set has two parts, the 820496 logic chip and the | 


880206 peripheral controller. The logic chip works with ’386 and ’486 CPUs from > 
__Intel and AMD and includes an AT-bus controller and a block-interleave dynamic- _ 
RAM controller with ’486 bursting support. The set costs $27.50 (10,000). An optional | 

__-write-back cache controller, the 820497, is also available ($17.50). Opti Inc, Santa 

3 Clara, CA, (408) 980- 8178, FAX (408) 980-8860. —Richard A Quinnell 


| 32-BIT RISC pc WITH PERIPHERALS LOWERS DESIGN COSTS — Lo 
The 32-bit AM29200 microcontroller (wC) simplifies designs by incorporating an 
_ array of on-chip peripherals that minimizes the number of external components you 


- Must add to complete an embedded-control circuit. By attaching ROM, dynamic RAM, 
and electrical buffers to this uC, you provide all the components necessary foran 
ZS embedded circuit that can control the hardcopy output of laser printers and fax > 
_ servers. The RISC Cc includes an on-chip ROM controller, RAM controller, 2-channel 
DMA controller, a 24-bit timer, a wait-state generator, 16 programmable 1/0 ports, | 


serial and parallel ports, a peripheral interface adapter, an interrupt controller, end 
a video interface. The chip also contains JTAG diagnostics that decrease debug time 


and board-level testing. A 168-pin, 16-MHz version costs less than $50 in OEM quanti- 
ties for 5-MIPS performance. Sampling will begin in April 1992. Advanced Micro 


Le Devices, Austin, TX, (800) 292-9263, (512) 462-5651. ao D Mosley | 


s« SOFTWARE LETS MAC REPLACE LAB NOTEBOOK 


When you work with a scope on your lab bench, you’re probably used to Ropu 


— sketches of schematics and test setups in a lab notebook, along with scope photos | 
and hand-written notes about things you did or observations you made. GW Instru- 
--—- ments’s $990 Superscope/488 for the Apple Macintosh lets your computer replace : 
— tholep notebook. The software lets you duplicate a DSO’s (digital storage oscillo- 


- scope 3) front panel and screen on the Mac’s screen and lets you store and recall 


a captured data and scope setups. By combining the software with a drawing p pogram, 


a such as MacDraw, and a word processor, such as MS Word, you can easily (with no 
programming) access all the functions you need, not merely to replace your lab 


oy / notebook, ‘ead also to use your data in reports and presentations. 


ee The company also makes IERE-488 interfaces of the type you'll need to connect. 

a your scope to your Mac. For slotted Macs, the interfaces are Nubus boards; for the 
more compact machines, they are modules that plug into the SCSI port. A $290 

- _TEEE-488 instrumentation library includes software drivers for more than two dozen 


- DSOs from four manufacturers as well as one for a digitizer. GW Instruments, Somer- 


he ville, MA, ALTA 625-4096, FAX (617) 625-1322. —Dan auaasen 
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NEWS BREAKS | 





DSOs OFFER 1-MILLION-POINT RECORD LENGTHS 

If you have trouble getting enough timing resolution on your DSO (digital storage 
oscilloscope) when looking at long waveforms such as those in radar, sonar, and 
video applications, your troubles may be over. LeCroy has announced memory op- 
tions up to 1-million points for several oscilloscope models. The 500-MHz model 
9510 has two channels that independently operate at 1OOM samples/sec. The 1M-word 
memory-length instrument is $9990. A shorter 10,000-word memory-length version 
of the DSO costs $4990. The 7242B plug-in ($22,900) for the 7200 DSO gives you a 
1M-word memory while digitizing two channels at 1G samples/sec. Other DSO models 
and plug-ins with long memories are also available. LeCroy, Chestnut Ridge, NY, 
(914) 425-2000.—Doug Conner | | 


ANALYZER ADDS 100-MHz CAPTURE SYSTEM AND 486 SUPPORT 
American Arium recently bolstered its ML4400 logic-analyzer family with a 100- | 
channel, 100-MHz capture system and enhanced support for Intel’s 80486 uP. The 
486-support package, Model 52I-486A, can handle all variations of the 80486 CPU, 
including Intel’s 2-chip module that includes a second-level cache. The package 
offers complete disassembly of the executed instruction stream, including pre- 
_ fetched instructions, and handles segmentation and page translation. The new sup- 
port package can also control the ‘‘KEN”’ cache-fill enable pin found on 486 CPUs. 
Finally, the package includes support for 10,000 downloadable symbols. Available 
now, the 352I-486A package costs $2995 as an add-on to the ML4400 analyzer, or you 
can buy the ML4400I package that includes the 486 support and logic analyzer for 
$11,985. 2 | 


Meanwhile, the company’s Paladin capture system boosts the capabilities of the 
analyzer family to work with the industry’s fastest RISC and CISC CPUs. The system 
includes 100 100-MHz channels and can also be configured to provide 50 200-MHz_ 
channels. You can add multiple Paladin modules to a single logic analyzer to create 
more signal-capture capacity. The module provides a trace depth of 8 kbits per 
channel, and you can opt to expand trace depth to 128 kbits. The module includes 
12 levels of triggering and 12 trigger-event recognizers. The module has probes that 
include signal compensation at the probe tip and that use coaxial cable. The Paladin 
module costs $13,950 and will be available in February. —Maury Wright : 


POWER-FACTOR-CORRECTION IC REDUCES 3RD-HARMONIC 

The ML4821 from Micro Linear helps reduce 3rd-harmonic noise and excessive 
neutral-wire current in electronic power supplies. The device stores energy in an 
inductor or taps the stored energy as needed to maintain a sinusoidal current draw 
from the ac power lines. Without power-factor correction, a typical power supply 
only draws current during voltage peaks, causing noise spikes in the ac lines at odd 
harmonics of the line frequency. In a 3-phase system, the spike’s 3rd harmonic can 
potentially add in-phase in the neutral wire, causing excessive current flow. 


The device has several features that simplify its use in a system. It can accept ac 
input voltages from 90 to 260V, letting you use it in a variety of power systems 
without modifying the circuits. It offers built-in protection against brownout (re- 
duced input voltage) and sudden load removal. The chip’s output stage will drive 
as much as 1A. The $3.55 (100) chip comes in an 18-pin DIP. Micro Linear Corp, San 
Jose, CA, (408) 433-5200, FAX (408) 432-0295.—Richard A Quinnell : 
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MADE EASY. 


40+MHz CPU 


Register 6 ns 


Introducing PLDecoders. 


Taking systems to 40 MHz and beyond has become 
a whole lot simpler with these new, function-specific 
BiCMOS Decoder PLDs. For RISC, including our 
highest performance SPARC processors, choose the 
input-registered versions to capture addresses quickly. 
For CISC, such as 80X86, we offer output-latched 
versions that optimize system performance. Choose 
simple addressing versions at 6 ns for fastest performance, 
or 7 ns bank select or byte-write versions to suit your 
application precisely. 


Fewer parts, faster performance. 


One PLDecoder replaces older, multiple-chip solu- 
tions, to save money and board space. PLDecoders are 
optimized for speed, using an ECL speed path. BiCMOS 


PLD 5ns 


Programmable design convenience. 

Design is eased by PLDs developed specifically to 
implement memory decoding. Easier than using 
standard PLDs. Much easier than gate arrays. 


Cheaper SRAM. 


Since our decoders save you so much time out of 
the “memory access cycle” you have options. Go for 
a faster system. Or, at a given speed, use slower, less 
expensive SRAM. In 40 MHz systems with large SRAM 
requirements, the savings can really add up. 


Call our information hotline. 

Get our application notes on the CY7B336—9 
family, product profile, PLD Brochure 
and a terrific Data Book to boot. 


technology helps save on power. They are specialized for PLD Hotline: 1-800-952-6300.* 


decoding, with the required latches or registers on chip 
for top performance, and non-essential functions 
stripped away. As a result, you get optimal perfor- 
mance, to go to 40 MHz, and well beyond. 

*(32) 2-652-0270 in Europe. ©1991 Cypress Semiconductor, 3901 North 

First Street, San Jose, CA 95134. Phone: 1 (408) 943-2600, Telex: 821032 
CYPRESS SNJ UD, TWX: 910-997-0753. SPARC is a registered trademark of 


SPARC International, Inc. Products bearing the SPARC trademark are based 
on an architecture developed by Sun Microsystems, Inc. 
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dc to 3GHZz ...SIf* 





lowpass, highpass, bandpass 


eless than 1dB insertion loss ¢ greater than 40dB stopband rejection ®surface-mount ¢BNC, Type N, SMA available 
e5-section, 30dB/octave rolloff ¢ VSWR less than 1.7 (typ) ® rugged hermetically-sealed pin models ® constant phase 
®meets MIL-STD-202 tests over 100 off-the-shelf models ®immediate delivery 


attenuation, dB 
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attenuation, dB 





attenuation, dB 





low pass, Plug-in, de to 1200MHz 










Passband Stopband, MHz Passband Stopband, MHz 
Model MHz loss loss MHz loss loss 
No. loss < 1dB > 40dB ; loss < 1dB > 20dB > 40dB 
PLP-5 8-10 10-200 320-400 400-1200 
PLP-10.7 19-24 24-200 410-550 550-1200 
PLP-21.4 32-41 41-200 580-750 750-1800 
PLP-30 47-61 61-200 750-920 920-2000 
PLP-50 70-90 90-200 840-1120 1120-2000 
PLP-70 90-117 117-300 1000-1300 1300-2000 
PLP-90 121-137 167-400 1080-1400 1400-2000 
PLP-100 146-189 189-400 1100-1400 1400-2000 
PLP-150 210-300 300-600 1340-1750 1750-2000 
PLP-200 290-390 390-800 PLP- 1200 DC-1000 1620-2100 2100-2500 


Price, (1-9 qty), all models: plug-in $14.95, BNC $32.95, SMA $34.95, Type N $35.95 


Surface-mount, dc to 570 MHz 


SCLF-21.4 DC-22 32-41 41-200 SCLF-190 DC-190 290-390 390-800 
SCLF-30 DC-30 47-61 61-200 SCLF-380 DC-380 580-750 750-1800 
SCLF-45 DC-45 70-90 90-200 SCLF-420 DC-420 750-920 920-2000 
SCLF-135 DC-135 210-300 300-600 








Price, (1-9 qty), all models: $11.45 


Flat Time Delay, dc to 1870 MHz 
















































































































Passband Stopband VSWR Group Delay Variations, ns 
MHz MHz Freq. Range, DC thru Freq. Range, DC thru 
Model 0.2fco 0.6fco fco 2fco 2.6/7fco 
No. loss < 1.2dB > 10dB > 20dB xX ¥ X X X 
PBLP-39 78-117 3:1 ae Og. 4.0 5.0 
PBLP-117 234-312 312 1331 24:1 0.35 1.4 19 
PBLP-156 312-416 416 0.3:1 tac) 0.3 ig, iS 
PBLP-200 400-534 534 1.6:1 1.9:1 0.4 1:3 16 
PBLP-300 600-801 801 1.25:1 221 0.2 0.6 0.8 
PBLP-467 934-1246 1246 1:25:31 221 0.15 0.4 0.55 
ABLP-933 1866-2490 2490 13 2.2:1 0.09 0.2 0.28 
ABLP-1870 3740-6000 5000 1.45:1 2.9:1 0.05 0.1 0.15 
Price, (1-9 qty), all models: plug-in $19.95, BNC $36.95, SMA $38.95, Type N $39.95 
NOTE: A: -933 and -1870 only with connectors, at additional $2 above other connector models. 
high PasSs, Plug-in, 27.5 to 2200 MHz 
Stopband Passband VSWR Stopband Passband VSWR 
MHz MHz Pass- MHz MHz Pass- 
Model loss loss loss band Model loss loss band 
< 40dB < 20dB < 1dB Typ. No. < 20dB <1dB Typ. 
PHP-25 DC-13 13-19 27.5-200 1.831 PHP-400 210-290 395-1600 1.731 
PHP-50 DC-20 20-26 41-200 15:1 PHP-500 280-365 500-1600 1.8: 
PHP-100 DC-40 40-55 90-400 1.8:1 PHP-600 350-440 600-1600 2.0:1 
PHP-150 DC-70 70-95 133-600 1.8: PHP-700 400-520 700-1800 1.6:1 
PHP-175 DC-70 70-105 160-800 154 PHP-800 445-570 780-2000 2.1:1 
PHP-200 DC-90 90-116 185-800 1.6:1 PHP-900 520-660 910-2100 1.8:1 
PHP-250 DC-100 100-150 225-1200 bese PHP-1000 550-720 1000-2200 1.9: 
PHP-300 DC-145 145-170 290-1200 7A 
Price, (1-9 qty), all models: plug-in $14.95, BNC $36.95, SMA $38.95, Type N $39.95 
bandpass, Elliptic Response, Constant Impedance, 
10.7 to 7OMHz 21.4 to 7OMHz 
Center | Passband 3 dB Stopbands Center | Passband | Stopband | VSWR 
1.L.1.5dB | Bandwidth LL. LL. MHz loss pee 
Model Max. aE Model Total Band 
No. (MHz) No. MHz 
PBP-10.7 9.6-11.5 0.6& 50-1000 PIF-21.4 DC-220 
PBP-21.4 19.2-23.6 3.0& 80-1000 PIF-30 DC-330 
PBP-30 27.0-33.0 3.2& 99-1000 PIF-40 DC-400 
PBP-60 55.0-67.0 46 &190-1000 PIF-50 DC-440 
PBP-70 63.0-77.0 6.0 & 193-1000 PIF-60 DC-500 
PIF-70 70 2 DC-550 
Price, (1-9 qty), all models: plug-in $18.95, Price, (1-9 qty), all models: plug-in $14.95, 
BNC $40.95, SMA $42.95, Type N $43.95 BNC $36.95, SMA $38.95, Type N $39.95 
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ANALOG 


and digital scopes. Making them uniquely qualified to provide you with a more honest assessment (jij 


of your needs. With anyone else, you could be hearing only half the story, For complete information [iam 





on the full line of Tektronix analog and digital oscilloscopes, get in touch with a Tek representative today. TALK TO TEK/1-800-426-2200 


Tektronix 


03W-188147 Copyright© 1991, Tektronix, Inc. Test and Measurement 
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Actual output 


20 WATTS 


Actually meets 


MIL-STD-2000 
MIL-STD-810C 
MIL-S-901C 
MIL-STD-461C 
MIL-STD-704D 
NAVMAT GUIDELINES 





Mil/Pac™ high-density military power supplies. = —55°C to +100°C. All are designed with a field-proven 
Now you can order Abbott's full mil-qualified compact topology that has been verified by rigorous environmental 
power supplies in both DC and AC input models. stress screening. 

Mil/Pacs come in 20W, 35W and 50W configurations, with Mil/Pacs are available with or without MIL-STD-2000. 
single (5, 12, 15, 24, or 28V) or dual (+12V; +15V) outputs. Either way, the specs are worth reading. Just write us at 

DC-to-DC models accept input from 14V to 32V. AC-to-DC 2727 South La Cienega BI., Los Angeles, CA 90034. Or call 
models accept 1034 to 126.5V rms, 47-440 Hzsingle phase. (213) 936-8185. 

All Mil/Pacs operate at temperature extremes from 


WHEN RELIABILITY IS IMPERATIVE.” 
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ME PAN, PLAN: 


Because so many of you have asked for Pease, we've put all >, 

























e? 12 parts of the Troubleshooting Analog Circuits series 
+ 
s published in EDN into one handy reference source. 


This 101-page collection of articles was developed 
by Bob Pease, senior scientist in industrial linear-IC design at 


National Semiconductor Corp. and world-renowned analog-circuit designer. 
. \ 


Part 1. Troubleshooting is more effective with the right philosophy 
Part 2 ¢ The right equipment is essential for effective troubleshooting 

Part 3 Troubleshooting gets down to the component level 

Part 4¢A knowledge of capacitor subtleties helps solve capacitor-based troubles 
Part 5 Follow simple rules to prevent material and assembly problems 

Part 6 Active-component problems yield to painstaking probing 

Part 7 Rely on semiconductor basics to identify transistor problems 

Part 8 Keep a broad outlook when troubleshooting op-amp circuits 

Part 9 Troubleshooting techniques quash spurious oscillations 

Part 10 © The analog/digital boundary needn’t be a never-never land 


Part 11 * Preside over power components with design expertise yj [ss 
Part 12 © Troubleshooting wrap-up © 


Don't miss this exclusive reprint. Learn about troubleshooting 
analog circuits as only Bob Pease can tell it. 

This reprint is yours for only $26.70 (U.S.A.) or $29.95 
(non-U.S.A.).* 


eee eee ee 
PLEASE PRINT CLEARLY 
______ Paymentenclosed _ Bill me Ge aie. Vee _____ Mastercard 
Credit Card Number 
Signature Exp. date 
Name 
Title 
Company 
Address 
City State Zip 


Mail coupon to: Cahners Reprint Services, 1350 E. Touhy Ave., 
Des Plaines, IL 60018 U.S.A. 

or call 708/390-2240 or FAX your order: 708/390-2779. 
*U.S.A. CURRENCY ONLY 
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LEDs still in style 





In the September 2, 1991, Ask EDN, 
you stated that Rohm is phasing out 
its LED product lines. This statement 
is completely false. Rohm has no 
plans whatsoever to curtail the avail- 
ability of its LED product offerings. 
Although there has been an interna- 
tional industry-wide increase in de- 
mand for LED lamps for the past 12 
months, Rohm has made significant 
progress to comply with this demand. 

The temporary international LED 
shortage has been a classic irony. We 
believe it was created, in part, by in- 
creased LED manufacturing capabil- 
ity. That is, as LED manufacturers 
strove to increase yield, several new 


quantity-hungry applications quickly — 


emerged in hotly competitive markets, 
such as automotive and outdoor-sign 
industries. Many of these customers 
require deliveries of millions of pieces. 
In response to this increased demand, 
Rohm has increased lamp production 
in our main factory by 32%. 

Improved LED manufacturing 
technology has contributed two criti- 
cal benefits to lighting applications, 
particularly in the automotive and 
outdoor sign industries. The first 
benefit is increased brightness. With 
one LED contributing as much as 3 
candlepower, a small cluster of these 
LEDs can now rival the luminous in- 
tensity of a large incandescent bulb. 
The second benefit is higher reliabil- 
ity. LEDs have typical life cycles of 
100,000 hours, compared with 5000 
hours typ for incandescent lamps. 

The combined benefits of reduced 
power consumption and heat dissipa- 
tion, reduced weight, shock resis- 
tance, and lower frequency of replace- 
ment are driving automotive design- 
ers to employ LEDs in place of incan- 
descent lamps in many situations. 
These applications include instrumen- 
tation, dashboard lighting, and even 
tail lights that are easily visible from 
1500 feet away. When you consider 
the number of primary- and after- 
market OEMs and multiply that by 
the number of applications per ve- 
hicle, the sheer volume required is 
enormous. 
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Outdoor signs are another bright 
spot. With signs as large as billboards 
each requiring tens of thousands of 
LEDs, demand increases with each 
new installation. These applications 
include highway signs, entertainment 
centers, and information displays. 

Added to these new applications is 
the traditional industrial and con- 
sumer electronics market, whose ap- 
petite for indicator lights, displays, 
and graphics continues to increase 
faster than the overall economy. 

Rohm will continue to increase its 
LED production. We are definitely 
not phasing out of the LED business. 
Ray Ponkey 
Product Manager, Optoelectronics 
Martin Miller 
Market Services Manager 
Rohm Corp 
Antioch, TN 


Ask EDN regrets the error and any 
unfortunate effects it may have had on 
your business. 


Star Trek tech 


I have acquired my own Intel Micro- 
processor Development System (MDS) 
231, and I am trying to locate a 
source-file listing of the company’s fa- 
mous Star Trek V2.0, which was origi- 
nally written in Fortran by Matuszek 
and Reynolds and rewritten and ex- 
panded for the Intellec MDS by Intel’s 
Ron Williams in 1977. 

I believe I have located two bugs, 
and because I have only the object 
file on disk and the type-written 
“Guide to Star Trek V2.0,” I presume 
that I need to edit the source file and 
recompile the object code. To do this, 
I guess [ll have to obtain a copy of 
the compiler as well. 

I would also appreciate a hint or 
two as to how to stop the program 
running on the MDS. Is this possible? 
If anyone can help, I may yet defeat 
the Klingons! 

M J Garraway 
Birmingham, UK 


Have you been keeping up with “Star 
Trek—The Next Generation”? The Fed- 
eration is now at peace with the Klin- 
gons. In fact, a Klingon, Worf, serves 
as the USS Enterprise’s chief security 
officer. 

However, if any reader has or knows 
where to get the Star Trek V2.0 source- 
file listing or compiler, please contact 
Ask EDN. 


What does BNC stand 
for, anyway? 


In response to readers’ continually ask- 
ing what all those acronyms, abbrevia- 
tions, and initialisms stand for, EDN 
has been including a box, “Acronyms 
used in this article,” in each Special Re- 
port, Technology Update, and contrib- 
uted article. Starting with the Decem- 
ber 19, 1991, issue, we will collect all 
the acronyms used in the articles and 
what they stand for and put the infor- 
mation on an acronym page near the 
back of the magazine. 

One initialism that has inspired much 
internal debate at EDN has been BNC 
connector. Some editors argued that the 
BNC stood for baby N connector. Oth- 
ers suggested British National connec- 
tor and British Naval Committee con- 
nector. Still others favored bayonet N 
connector. 

Associate Editor Dave Pryce finally 
laid the issue to rest when he came 
across a 1990 article in the Microwave 
Journal. Apparently the BNC connec- 
tor was developed jointly by Neill and | 
Concelman, who lent their initials to the 
connector’s name. The B stands for 
baby because of the connector’s small 
size. 

However, we still haven’t agreed on 
how to pronounce the prefix “giga.” 





Ask EDN solves nagging design problems and 
answers difficult questions. Address your letters 
to Ask EDN, 275 Washington St, Newton, MA 
02158. FAX (617) 558-4470; MCI: EDNBOS. 
Or send us a letter on EDN’s bulletin-board 
system at (617) 558-4241: From the Main Sys- 
tem Menu, enter SS/ASK_EDN and select W 
to write us a letter. 
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VICTORY - the first software to automate mer days, 
boundary-scan testing. | even weeks to deliver 
Introducing VICTORY™ from Teradyne: the only the same fault coverage 
software toolset ready to help you turn boundary-scan for conventional designs. 
theory into a practical advantage. From the moment Now you can find stuck-at 
your first boundary-scan device is designed in, faults, broken wire bonds, 
VICTORY starts wrong or missing compo- 
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on. And that's just the 
manufacturing process 


24 EDN January 2, 1992 


\ 


can isa breakthrough 
oard testing. 

















2 
feedback you need to eliminate defects where it's mized board layout 
most cost-effective—at the source. without lowering 
| fault coverage. 
Helps solve the test access problem. ve 
| With boundary-scan design and VICTORY = «Good for the =. Boundary-Sean Intelligent Diagnostics identify | 
software, you won't need bed-of-nails access bottom line. high-density SMT assemblies 
on nodes where boundary-scan parts Shorter test programming time. Higher fault cover- 
are interconnected. That means age. Lower PC board and test fixture costs. The bot- 
fewer test pads. Fewer tom line on VICTORY is how positively it will affect 


your bottom line. And because VICTORY works with 
all Teradyne board testers, you're free to tailor a test 
process that's cost-effective for both your boundary- 
scan and non-scan boards. No matter what your test 
objectives. For example, with our new Z1800VP- 
series testers, a complete solution for in-circuit and 
boundary-scan test- 
ing starts at well 
under $100,000. 


Make the next 
logical move. 
Call today. 
Boundary scan is 
the design-for-test = 
-~ breakthrough that ger nin spony anal yc ay 
_. _ promises lower cost, Z1800VP system and VICTORY software. 
higher quality board testing. But don't take our word 
for it. Call Daryl Layzer at (800) 225-2699, ext. 3808. 
We'll show you how, with VICTORY software and 
veloped. With Teradyne board testers, you can test this theory 


en eering tool, designers get for yourself. 


test probes. 














ion early in the design process. 
asily see where test points are required for 
‘and where they can be dropped, for opti- 








©1991, Teradyne Inc. 321 Harrison Avenue, Boston, Massachusetts 02118. VICTORY is a trademark of Teradyne, Inc. 
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POWER 
SPLITTERS 
uae 


the worlds largest selection 
2KHz to 8GHZ from $4% 


With over 300 models, from 2-way to 48-way, 0°, 90° and 180° a variety of 
pin and connector packages, 50 and 75 ohm, covering 2KHz to 8000MHz, 
Mini-Circuits offers the world’s largest selection of off-the-shelf power 
splitter/combiners. So why compromise your systems design when you 
can select the power splitter/combiner that closely matches your 
specific package and frequency band requirements at lowest cost 
and with immediate delivery. 

And we will handle your “special” needs, such as wider band- 
width, higher isolation, intermixed connectors, etc. courteously with 
rapid turnaround time. 

Of course, all units come with our one-year guarantee. x 
Unprecedented 4.5 sigma unit-to-unit repeatability also guaranteed, # 
meaning units ordered today or next year will provide perfor- pe 
mance identical to those delivered last year. 

For detailed specs and performance data, refer to the MicroWaves Product 
Directory, EEM or Mini-Circuits RF/IF Signal Processing Handbook, Vol. II. Or 
contact us for our free 68-page RF/IF Signal Processing Guide. 




























sex 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and international Telexes: 6852844 or 620156 
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catch the bugs that defy logic. 


PARITY 
ERROR 








The HP16500A logic anal- 
ysis system shows what’s 
bothering your designs. 


Power up a new design and 
you re in for a battle. That’s when 
you need the HP 16500A logic 
analysis system. With one modu- 
lar system, you can focus mea- 
surement power on those press- 


| 


| UNEXPECTED 
_ EXCEPTION 


ing problems. Before things get 
out of hand. 


Choose from a wide range of 
modules. The state/Aiming mod- 
ule provides advanced capabili- 
ties, including 100 MHz state 
speed for debugging RISC and 
high-end CISC processors. 
There’s a 1 GSa/s scope for sin- 
gle-shot troubleshooting. A 1 GHz 
timing module for precision time- 
interval measurements. And pat- 
tern generation for functional 
testing. 


And you get the industry’s broad- 
est microprocessor and bus sup- 
port...more than 100 solutions to 
speed and simplify debugging of 
virtually any microprocessor 
based design. Plus an intuitive 
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REPEATING 
RESET 


RANTS 


full-color, touch-screen interface 
to make setup and operation 
easier too. 


So take control of the debugging 
process. Call one of the numbers 
listed below, or your nearest HP 
sales office, and find out how to 
catch the toughest bugs before 
they start bothering you. 


There is a better way. 
HEWLETT 


G48 paccano 


©1991 Hewlett-Packard Co. TMCOL123/F 

United Kingdom (0344) 369 369 e Germany 
(06172) 16 0 ¢ France (1-69) 82-65-00 Italy 
(02) 95 300 134 ¢ Netherlands (020) 547 6669 
Spain 900 123 123 e Singapore (65) 291 8554 
Taiwan (886-2) 714 8740 ¢ Hong Kong 

(852) 848 7070 ¢ Korea (82-2) 784 2666 
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EDITORIAL 


More about what’s coming in EDN 





Jesse H. Neal 

Editorial Achievement Awards 
| 1990 Certificate, Best Editorial 
| 1990 Certificate, Best Series 
1987, 1981 (2), 1978 (2), 
1977, 1976, 1975 


American Society of 
Business Press Editors Award 
1988, 1983, 1981 
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Last issue I gave you a hint of the changes to come in the January 


20, 1992 issue of EDN. Now here is the rest . . . 


We'll be running a new page called “Inside EDN” right near the 
table of contents. This page will tell you more about what’s in the 
issue and why those articles are important to you. You'll also find 
out why we’re covering these subjects and how the editors got the 
information for you. In some instances, we will also tell you about 
how we selected the products or companies that we discuss. This 
page will help you pick out the highlights of the issue. : 

You'll also notice that we’re using consistent labels and formats 
for each section. We want to make it easy for you to find the things 
you're interested in. Color-coded title and section bars can help. 
Nothing irks me more than seeing an interesting title on a maga- 
zine’s cover and then being stymied as I try in vain to find it in 
the table of contents. Somewhere in between, the title or subject 
matter changed. In EDN, we'll stay with consistent titles from 
the front page, to the table of contents, to the article. Also, page 
numbers will accompany the titles on the cover. If you see an 
article you like, why should you have to go to the table of contents 
first? 

We believe in making information as available and accessible as 
possible. In the past, we’ve heard complaints about acronyms and 
abbreviations that go undefined or unexplained. You'll find a new 
acronyms and abbreviations page in EDN that compiles and spells 
out all the complex acronyms and abbreviations we’ve used. Obvi- 
ously we won't spell out ac, de, or V, but you'll find VXIbus, 
VHDL, and FPGA if we’ve used them in the issue. You'll be able 
to tear out the pages for later use. I expect this section will be 
very popular. 

Because Design Ideas has always been popular, we’ve made it 
easier to find and more comprehensive. You'll notice expanded 
“Feedback and Amplification” and “Software Shorts” coverage. 
We’re also tinting the Design Ideas pages light blue so that you 
can find them right away just by bending the magazine to expose 
the outer edges of the pages. You'll also find the traditional yellow 
News Breaks pages this way. Look to the News Breaks section 
for changes, too. We’ll be running more items in a typeface and 
format that makes them easier to read. 

One final thing to keep in mind is, as I said in my previous 
editorial, the changes we’ve made result from discussions with and 
comments from readers. Once you look through our January 20, 
1992 issue, I’d like to know what you think. We'll continue to 
evolve and we’re always open to new ideas and suggestions. Enjoy. 


(rv Jon Titus 
Editor 


Send me your comments via FAX at (617) 558-4470, or on the EDN Bulletin Board 
System at (617) 558-4241 300/1200/2400, 8, N, 1. 
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4b DRAMSs, Toshiba 
Ways Than One. 


With high performance and high-volume 

production, Toshiba rolls out a winner. Were 

cruising along with the second generation of 4Mb 

DRAMs, just as we led the way with 1Mb. It’s 

just a natural evolution, a further refinement 
of our revolutionary CMOS process. We 
achieved this by lowering the device fea- 
ture size to 07 micron and decreasing 
) — die sizes, making possible 300 mil 

























Y A Toshiba’s DRAM family is wider 
Posse ranging and more flexible than ever 

é Y vosanq Defore. We've improved the selection 

(ariving down _ of access times to embrace 60, 70, 80 
rice per it and 100ns. We've packaged DRAMs 
into convenient SIMM modules for easy systems 
upgrade. We've got all the organizations you've been 
wanting in quantity, including x8, x9 and x36. And on 
top of that, we offer Fast Page, Nibble, Static Column 
and Write-Per-Bit operating modes. Some day in the 
near future, we'll be hot off the loading docks with some 
of the first 16Mb DRAMs. 
Another very important thing to remember about 
Toshiba 4Mb DRAMS is that they're in volume produc- 
tion ight now. We can make high-volume commitments 
today, and be ready to serve as your partner on the pro- 
duction lines tomorrow...and geen ——— 
well beyond. ff bes. —TOSH IBA c 
Its enough to drive the savvy | MACT 
designer to call Toshiba today. 
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P-CAD Master Designer, 


the shortest distance from 






Master Designer™ 5.0 is the shortest 
distance from PCB design concept to 
reality. And the fastest, most productive 
and reliable way to get your designs to 
market using an IBM®or compatible PC. 

And now Master Designer 5.0 has 
been enhanced with more than 100 new 
features, requested by PCB master design 
engineers like you. 


New features, more productivity. 
Master Designer 5.0 shortens the 
entire design cycle with new features like 
extended memory for 4-times larger 
designs. Automatic real-time on-line 
design rule checking. User configurable 


CB design concept to reality 


menus. And automatic periodic file save 
with user-definable time increments. 


First with 20,000 PCB designers. 
You can rely on Master Designer 
5.0 for the quality and dependability 
that has made it the choice of more 
than 20,000 PCB designers worldwide. 
Master Designer 5.0 gives you the 
interactive support of Master Layout™ 
to handle surface mount, analog, and 
digital technology. The flexibility of 
Master Schematic™ fully automated 
optional Rip-n-Route, and our optional 
Master Placer’ Not to mention the plus 
of a consistent menu-driven interface. 
With Master Designer 5.0, you’re 
backed by CADAM, the world’s leading 
CAD/CAM/CAE software supplier, and 


the international network of expert 
P-CAD® Value Added Resellers. 


Your finished designs are a lot 
closer than you think and so is 
your free P-CAD Demo Disk. 
Here’s how to get all the details 
on Master Designer 5.0, and shorten 
the distance between your next great 
concept and reality. Just call CADAM 
toll-free today and 
we'll send your 
free Master 
Designer 5.0 
Demo Disk 
absolutely free. 





1-800-255-5710 
Ne 





Yay 
CADAM 


AN IBM COMPANY 
World Class PCB CAD Productivity 


IBM is a registered trademark of International Business Machines Corp. P-CAD is a registered trademark and Master Designer, Master Layout, Master Schematic, and Master Placer are trademarks of CADAM INC. 
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Multichip mod- 
ules can double 
your circuit’s per- 
formance, but lim- 
ited die availabil- 
ity, heat dissipa- 
tion problems, and 
testability issues 
will also boost 
your design and 
production costs. 
Not every applica- 
tion can justify the 
extra effort and ex- 
pense this new tech- 
nology demands. 





J D Mosley 
Technical Editor 
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MULTICHIP MODULES 


Lack of standards 
impedes design issues 


ultichip modules (MCMs) are 
the current high-perform- 
ance champions that promise 


to pacify designers’ insatiable desire for 
higher-performance circuits. However, 
an immature infrastructure makes this 
a technology that your design team 
should approach with objective aware- 
ness and a healthy budget. | 

As with any emerging methodology, 
the early adopters will have to contend 
with a lack of standards, high fabrication 
costs, and numerous unresolved design 
issues. However, with powerhouses 
such as IBM, Texas Instruments, and 
AT&T announcing their support for 
MCM development, the technology 
should become an established design 
method within two or 
three years. 

MCMs are conceptu- 
ally simple: By placing 
several unpackaged ICs 
(or bare dies) directly 
upon a pc-board sub- 
strate, you can trim the 
length of die intercon- 
nections by 50% or more, 
because you can position 
each bare die closer to 
neighboring ICs. These 
shorter pc-board traces 
result in faster signal 
propagation times and in- 
creased signal fidelity. In 
addition, the lack of 
bulky die packages let 
the circuit occupy signifi- 
cantly less space in your 
product—a major consid- 
eration in avionic and 
portable applications. 


However, the first problem encoun- 
tered by MCM designers is the limited 
availability of fully tested bare ICs, 
commonly referred to as known-good 
dies. Once an MCM is assembled, if any 
single die on the substrate is defective, 
you will have to repair or even dispose 
of the entire module, thereby escalating 
costs, lowering yields, and lengthening 
your time to market. 

Consider the case of Cypress Semi- 
eonductor’s $3200 CYM6002K dual- 
SPARC CPU module for which the issue 
of known-good die was a major concern 
during design. The price of reworking 
such an expensive module would have 
significantly escalated production costs. 
Andy Paul—president of Multichip 





Providing telecommunications and networking functions at 622 
MHz, this custom multichip module was designed using Valid 
Logic’s: Allegro MCM Design System. 


30 


rr 





36 





HOW TO GET IT RIGHT 
THE FIRST TIME, EVERY TIME. 


There are a number of advantages inherent in 
doing it right the first time. Synergy’s ColorWriter™ 
400 series electrostatic plotting systems produce full 
color output in one pass. 

Imagine getting your plot as much as four times 
faster, with better registration and more consistent 
color the first time out. And with fewer moving parts, 
the 36” wide format, 400 dpi ColorWriter is not only 
faster and more accurate, it’s more reliable. 

With one connection, and no special hardware or 
software, the ColorWriter 400 series performs as an 





Ethernet® node on your network. Its built-in Sun 
SPARCengine™ lets you process and plot several data 
formats simultaneously, including HP-GL/2™ 
CalComp Versatec VRE™ GDS-II Stream™ Cadence™ 
PostScript; AutoCAD™ and raster. 

It made sense to us to build it right the first time, 


so you can get it right the first time. If that makes sense 
to you, we should talk. Call us at 800-926-0968. 

















COMPUTER GRAPHICS CORPORATION 
CIRCLE NO. 30 


© 1991, Synergy Computer Graphics Corporation, 2945 Oakmead Village Court, Santa Clara, CA 95051. Phone: 408-988-3088 FAX: 408-988-2280. ColorWriter is a trademark of Synergy. 
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Multichip modules 


Technology, a Cypress subsidiary 
that participated in the develop- 
ment of the SPARC module—sees 
the problem of obtaining known- 
good dies as a major MCM stum- 
bling block. 

Paul notes that although it seems 
like a bare die should be less expen- 
sive than a packaged IC, most de- 
signers find they must instead pay 
a premium. Volume production is 
what lowers the price of chips, and 
currently the demand for bare dies 
isn’t sufficient to offset the neces- 
sary manufacturing changes. As a 
result, bare dies are custom items 
that command a premium price. 

Paul acknowledges that complex 
chips with 300 or more pins may 
actually cost less in die form. How- 
ever, because of their unusually 
high packaging cost, you should 
normally expect your MCM to cost 
more than a comparable pc-board 
version. That is, unless you can 
populate your MCM with ICs 
that are routinely offered as tape- 


= seem 


automated-bonding (TAB) compo- 
nents. 

TAB involves a leadframe that is 
etched onto a film carrier. This lead- 
frame is then soldered or welded 
onto a die. TAB is superior to wire- 
bonding the die directly to the sub- 
strate because of its 0.0170 resis- 
tance, 0.006-pF capacitance, and 
2.1-nH inductance. Typical wire- 
bond characteristics are 0.1420, 
0.025 pF, and 2.6 nH, respectively. 
Furthermore, TAB thermal resis- 
tance measures 8°C/W, vs the 
79°C/W for wirebond circuits. TAB 
parts can achieve signal speeds in 
excess of 150 MHz. 

TAB frames, in volume, are inex- 
pensive and fully testable at speed. 
And once tested, they are relatively 
simple to bond to miniature boards. 
The TAB infrastructure is more de- 
veloped than bare-die or flip-chip 
infrastructures, and TAB parts 
don’t require exotic substrates. As 
Paul notes, substrates made from 
silicon and diamond grossly exceed 





Multiple design windows provide a concurrent framework within Mentor Graphics’ MCM 
Station. The top window shows placement of the die upon an MCM substrate; the bottom 
right window displays a thermal map of the module, and a high-speed analysis occupies the 


bottom left window. 
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current performance requirements 
because today’s 50-MHz circuits 
“run very comfortably on high- 
density FR4 boards—you certainly 
don’t need silicon substrates to do 
that.” 

NCR’s strategic products man- 
ager, Harold Crafts, observes that 
the OEMs can no longer sit back 
and wait for IC vendors to develop 
state-of-the-art components at rock- 
bottom prices. Military spending is 
plunging, so government dollars 
aren’t available to fund cutting- 
edge technology as was true in the 
past. 

When NCR designers require 
ICs that aren’t available in TAB 
frames, they request a flip chip, 
perform the TAB design in-house, 
and obtain a subcontractor to do the 
TAB tape manufacturing and inter- 
lead bonding. And if a flip chip isn’t 
available, NCR engineers will de- 
velop a TAB part from wafers— 
albeit reluctantly. However, the ul- 
timate plan is to get NCR com- 
pletely out of the TAB loop—a goal 
Crafts estimates is at least a couple 
of years away. 


Who will foot the bill? 


The investment of getting into 
TAB is what is keeping the supply 
of TAB ICs low. The IC manufac- 
turers face large capital expendi- 
tures in order to convert their pro- 
duction facilities to TAB. In addi- 
tion, OEMs must develop the capa- 
bility to do the trimming and form- 
ing required to utilize TAB parts. 
Such expenses limit the widespread 
use of TAB, which in turn keeps 
prices high and availability low. 

Shiv Tasker, director of market- 
ing for packaging and interconnect 
at Valid, says that companies profi- 
cient in packaging may be in a bet- 
ter position to drive MCM technol- 
ogy than IC manufacturers because 
such companies can act as neutral 
intercessors for multiple IC ven- 
dors. IBM, for example, is capitaliz- 
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ing on its packaging and manu- 
facturing expertise and selling that 
expertise to other companies. Such 
aggressive participation by major 
corporations makes the infrastruc- 
ture for MCMs look better and en- 
ables less well-heeled firms to add 
MCMs to their products, thus fur- 
ther increasing demand and driving 
the technology. 


The right tool for the job 


As IBM customers realize, de- 
signing the module itself is a proc- 
ess that has its own set of stumbling 
blocks for MCM neophytes. Fortu- 
nately, you can select from a num- 
ber of first-generation electronic de- 
sign automation (EDA) packages to 
help you layout and simulate your 
MCM. Valid’s $50,000 Allegro- 
MCM, Harris’ $30,000 Finesse 
MCM/CAD, and Dazix’s $18,000 
MCM Engineer individual modules, 
and Mentor Graphics’ $128,900 
MCM Station complete system are 
all properly termed first-generation 
tools because none effectively an- 
ticipate the effects of crosstalk on 
an MCM design. Crosstalk is an is- 
sue that each of these software ven- 
dors plans to address in the next 
revision of their products. 

Notably, each of these EDA 
packages has its proponents. For 
example, IBM is incorporating 
Valid’s Allegro-MCM as part of its 
commercial MCM marketing ven- 
ture, and Mentor Graphics proudly 
notes that its MCM Station was 
used to develop Cypress’ credit- 
card-size CYM6122L SPARC 
module for use in Sun’s 600MP 
multiprocessing workstation. 

The crosstalk problem is caused 
in part to parallel signal paths run- 
ning through the substrate. Certain 
rules-of-thumb involving the length 
of such parallel paths and trace 
width per layer can reduce imped- 
ance and minimize interconnect de- 
lays. Shielding and ground paths 
can further minimize the problem. 
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Regardless, engineers still fre- 
quently find themselves in a redun- 
dant loop of design-analyze-fix- 
analyze-fix-analyze because each 
design correction results in a new 
performance problem. And the 
more complex the design, the less 
useful simple rules of thumb are, 
as is the case if you attempt to mini- 
mize crosstalk when a 30-line bus 
spans an MCM. | 

John Isaac, advanced packaging 
product manager at Mentor Graph- 


entity must either develop an IC- 
model translator or a unified simu- 
lation environment with standard- 
ized IC models. 

For example, a layout based on 
timing constraints would incorpo- 
rate predefined rules to control 
placement and routing for high- 
performance designs. Such a per- 
formance-driven layout would rely 
on physical rules for high-speed in- 
terconnect and take into consid- 
eration details such as differential- 


_ MULTICHIP MODULE COST BREAKDOWN 


TAB ASSEMBLY AND BONDING 


MODULE TESTING 


PROTECTIVE COATING 
| 0.499 


° 


_ ATTACHING — 
HEATSINKS 
2.23% 


ATTACHING 
CONNECTORS 


SUBSTRATE PREPARATION 





41.25% 


PASSIVE 
_ COMPONENTS 


The cost of TAB assembly and bonding and the cost of substrate preparation constitute the two 
major factors affecting the price of MCMs, according to this analysis by MCC. The QTAI 
project and the TAB technology development project are working toward lowering these costs. 


ics, says that the EDA vendors © 


aren't merely slacking off. The lack 
of consistent standards among IC 
manufacturers for bare-die charac- 
teristics and timing models pre- 
vents the development of software 
that can provide signal-integrity 
analysis and critical-path timing 
analysis. “You can’t aim at a moving 
target,” Isaac notes. 

Furthermore, accurate simula- 
tion requires consistent IC models. 
Unfortunately, different IC ven- 
dors use different simulators to de- 
velop their chips. So, even when the 
vendors provide models, the models 
aren’t consistent across the indus- 
try. To achieve consistency, some 


pair routing, termination assign- 
ments, net topology, and clock skew. 

Another significant design issue 
involves the thermal characteristics 
of MCMs. Thermal issues increase 
as geometries shrink. As Steve 
Easley, engineering manager for 
MCMs at NCR observes, if you use 
MCM technology to increase your 
circuit’s performance by a factor of 
3, you must reduce the circuit’s di- 
mensions by a factor of 3, which in 
turn reduces the area of your circuit 
by a factor of 10. As power tends 
to be more linear with dimension 
than with area, the power per unit 
area tends to increase as you reduce 
the size of your circuit. 
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Accordingly, you need accurate 
thermal modeling to design MCMs. 
Simulating modules in terms of heat 
dissipation and temperature means 
designing heat sinks for these de- 
vices with 3-D thermal modeling. 
In addition, MCMs can incorporate 
thermally conductive materials to 
help manage heat dissipation. By 
placing metal columns, called ther- 
mal vias, through the MCM sub- 
strate, you can draw heat away 
from the die and keep it from dissi- 
pating unwanted heat to neighbor- 
ing devices. 

Unfortunately, even after you 
complete your MCM design, an- 
other problem caused by the lack 
of standardized test strategies 
arises. MCMs require real-time 
testing with diagnostics for their 
components and functions. But to 
obtain consistent strategies for 
boundary testing, the IC manufac- 


turers must agree upon one form 


_ of built-in system test. The agreed 


upon test should be a functional 
testing of the completed module via 
the I/O pins. This type of test is 
necessary because the bare die is 
too small to probe with a bed-of- 
nails approach. 

Texas Instruments is the only US 
silicon manufacturer that has an- 
nounced plans to incorporate the 
Joint Test Action Group (JTAG) self- 
test standard. JTAG, which is also 
referred to as IEEE 1149.1 or 
boundary scan, provides a hardware 
basis for implementing a basic 
mechanism for self-test. However, 
companies must still develop inter- 
nal test mechanisms to utilize such 
on-board logic. And because JTAG 
is a hierarchical test structure re- 
quiring test ports at the die, mod- 
ule, and board levels, sophisticated 
software tools are needed to manage 
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the volume of test data generated 
by each of the chips in the module. 

The principal functions that will 
evolve from standardized testing in- 
clude automatic test-pattern gen- 
eration and test insertion into net- 
lists. Easley predicts test insertion 
and data management tools will be 
commercially available within the 
next year or so. 


A meeting of the minds 


Of course all of these timetables 
rest upon the assumption that tech- 
nical standards will emerge. Such 
basic factors as physical size con- 
straints, pin assignments, substrate 
composition, test methodologies, 
and electrical specifications have to 
be defined before MCM design can 
become as straightforward as ASIC 
design is today. 

Because the government, via 
military spending, has taken no 
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CAPS® is a productivity-boosting 
engineering tool that helps you 


find, select, and specify ICs and 
semiconductors faster and 
easier than ever before. 





“The microfilm system we purchased for 
IC and semiconductor search and selec- 
tion just wasn’t working out. It was hard 
to use and there weren't enough people 
using it to justify the cost. So, we decided 
to evaluate CD-ROM-based systems. 


“While all this was happening, our pur- 
chasing people found a new IC vendor. 
They wanted to know if the new vendor 
made equivalents for some of our most 
commonly-used components. They 
thought we could get a better price. It 
would take us hours to find equivalents 
on the microfilm system, so we decided 
to challenge a couple of new CD-ROM- 
based systems. 


“The first demonstration was a flop. Their 
system didn’t even include the new ven- 
dor. Needless to say, we weren't impressed. 


“Then Cahners came to demonstrate the 
CAPS system. In less than 20 minutes, 
CAPS found equivalents for the compo- 
nents we wanted. I figure we saved over 
$19,000 at the demo! 


“Oh yes .. . we bought the system!” 


— Frank Lucas 
Test Engineering Manager 
Welch Allyn 
Data Collection Division 





Updated monthly, the CD-ROM (Compact Disc - 
Read-Only Memory) based CAPS system gives 
you fast, easy, query-driven access to technical 
specifications and applications data for over 
575,000 ICs and semiconductors made by nearly 
500 companies worldwide. Best of all, CAPS pro- 
vides instant access to hundreds of thousands of 
pages of complete, unabridged manufacturers’ 
datasheets, so you have everything you need 
right at your fingertips. 
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DC-DC Converter 
Transformers 
and Power 
Inductors 


These units have gull wing construc- 
tion which is compatible with tube 
fed automatic placement equipment 
or pick and place manufacturing 
techniques. Transformers can be 
used for self-saturating or linear 
switching applications. The Induc- 
tors are ideal for noise, spike and 
power filtering applications in Power 
Supplies, DC-DC Converters and 
Switching Regulators. 





e Operation over ambient 
temperature range from 
— 55°C to +105°C 
All units are magnetically 
shielded 
All units exceed the require - 
ments of MIL-T-27 (+ 130°C) 
Transformers have input 
voltages of 5V, 12V, 24V and 
48V. Output voltages to 300V. 
Transformers can be used for 
self-saturating or linear 
switching applications 

e Schematics and parts list 
provided with transformers 

e Inductors to 20mH with DC 
currents to 23 amps 

e Inductors have split windings 


Delivery— 
stock to 
one week 
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firm stand on the issue of standards, 
the only other US entity with suffi- 
cient clout to facilitate acceptance 
of de facto standards is the Micro- 
electronics and Computer Technol- 
ogy Corp (MCC). MCC is a coopera- 
tive research venture involving 55 
North American companies. MCC 
currently has an assortment of 10 
packaging and interconnect pro- 
jects in progress and at least six 
more anticipated. The company has 
targeted MCM development be- 
cause it encompasses key packaging 
technologies such as substrate de- 
sign and development, bonding and 
assembly, testing, powering, and 
cooling. 

In an effort to reduce cost and 
turn-around-time problems, MCC 
developed a high-density intercon- 
nect technique for programmable 
MCMs. The Quick Turnaround In- 
terconnect (QTAT) technique begins 
with a prefabricated, blank-inter- 
connect array in a copper polymide 
(CuPi) substrate. You can mass pro- 
duce such generic substrates for 
high-volume cost reduction. 

Later, you can automatically 
route the substrates through thou- 
sands of interconnects via software 
based on a description of the chip- 
pad placement and a netlist. This 
routing personalizes the substrate 
according to customer orders and 
specific chip sets. MCC estimates 
that the QTAI approach can reduce 
turnaround time by 60 to 70%. MCC 
has successfully demonstrated 
QTAI by designing, producing, and 
testing a crossbar-switch MCM 
with 16 ICs and a 2-Mbyte nonvola- 
tile memory card. 

MCC has also begun work on an 
EDA tool called the Multichip Sys- 
tems Design Advisor. This project 
is based upon Valid’s Allegro-MCM 
design package. Other participants 
in this project include Apple Com- 
puter, Tandem, Hewlett-Packard, 
Harris, and Raychem’s Advanced 
Packaging Systems. These compa- 


nies will receive training from Valid 
and early copies of product en- 
hancements in exchange for their 
involvement in this project. Compa- 
nies not connected with MCC will 
be able to purchase this design sys- 
tem at the conclusion of this 2-year 
project. 

So, although the current environ- 
ment for MCM design may appear 
almost chaotic, pieces of the infra- 
structure are gradually falling into 
place. Although the development 
pace may not be as fast as your de- 
sign team might desire, the elapse 
of the next two or three years may 
allow the market to prepare appli- 
cations that will take advantage of 
the increased performance that low- 
cost MCMs will provide. 
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EE DESIGNER-. A// the Software 
you need, all the Power you want 
Integration is 
what all PCB 
CAD designers 
are looking for. 
No one wants to 
worry about how 





to interface Schematic package A to 
Simulation package B, Layout package C 
to autorouter D—unless all of the work has 
already been done for you. EE Designer 
III does just that. First there is a good solid 


SCHEMATIC 
Hay 


PCB 


LAYOUT 


ABRICATION 
DRAWINGS 







OPTIONAL 
HARDWARE 


MIXED MODE 
SIMULATION 


INTERFACES 


FABMASTER © 


For more information, or to place an 
order call: 1-800-553-1177 
a= 
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ADVERTISEMENT 


Schematic Design and Layout program. 
Then you can choose to buy Mixed Mode 
Circuit Simulation, Thermal Analysis, 
Standard Cell ASIC Design and a world 
class Autorouter. From there generate pen 
plots and Gerber files for output. Finally, EE 
Designer can be linked into the CIM world 
with FABMASTER, that lets you drive spe- 
cific Insertion/Onsertion and Test machines. 


Contact Team Visionics 1-800-553-1177. 
>» CIRCLE 86 


THERMAL 
ANALYSIS 


MAX ROUTE® 
AUTOROUTER 





POSTPROCESSING/ 
CAM 


TRAINING 
AND SUPPORT 





2953 Bunker Hill Lane, Suite 201, Santa Clara, CA 95054, Fax: (408) 492-1380 








EEZ2CIF-The lowcost path to 
standard ca ASIC design on PC’s 
Using EE Designer 
as a base, you can 
add ASIC design 
capabilities to your 
PCB CAD system 
E at a remarkably 
(ow cost. This program is a translator that 
takes the output of a simulated EE Designer 
Schematic netlist file & converts it to a file that 
can be read and displayed by the Tanner L- 
EDIT program. Using L-EDIT, you can auto- 
place & autoroute standard cell ASIC’s right 
on your PC. The EEZ2CIF program includes 
the necessary cell libraries, that is, the symbol, 
layout & primitive libraries that are needed by 
L-EDIT. This program links schematic cap- 
ture, simulation & standard cell ASIC design 
together on the same lowcost platform. 


Contact Team Visionics 1-800-553-1177. 
>» CIRCLE 87 


MAXROUTE-Fast, Error-Free 
Autorouting 


Widely regarded 
as the best auto- 
routing package 
available world- 
wide, MaxRoute 
is offered to EE 
Designer users as the fast, error free way 
to automatically route their boards. 
MaxRoute has the only fully interactive 
Shove routing algorithms. It lets you 
switch between automatic & interactive 
routing as you, the designer see fit. In 
addition to “Push and Shove” routing that 
optimizes board real-estate, there is “Rip 
up and Retry” that routes & reroutes traces 
until the best path is found. MaxRoute 
also includes Via minimization, window 
routing, pattern routing, density reduction 
& many other features that separate it 
from the other routers on the market. 
Contact Team Visionics 1-800-553-1177. 
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FABMASTER-Bridging the gap 
pennese PCB lied and Manufacturing 
: se [his software 
product is aimed 
at the final steps in 
the PC board fab- 
rication process: 
| automated assem- 
bly and test. It eindses the gap between a 
diversity of PCB CAD data formats and the 
formats needed for driving insertion/onsertion 
and test machines. FABMASTER can read in 
most popular CAD databases (Mentor, Valid, 
P-CAD, EE Designer, etc.) then convert them 
to a neutral database. The board is then 
viewed on screen, and the appropriate data for 
test or assembly is selected for output. A wide 
variety of machine output processors are 
available to generate the code for specific 
machines like Fuji, Universal, Genrad, KTS, 


etc. Contact Team Visionics 1-800-553-1177. 
» CIRCLE 89 
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d-c unipolar power 

50-1000 Watts 

C1 Conventional filtering & high speed, user selectable. 
1 High speed: slew up to 1 Volt per microsecond. 


1] Conventional speed: 
energy storage typically > 100uF per Ampere. 


C] Precision stabilization: 
0.001% source, 0.0002% load. 


LJ Analog programmable. 
Kepco Group ATE Power Supplies 


KEPCO ANALOG 
PROGRAMMABLE 
POWER... 


HIGH SPEED 
UNIPOLAR 
BIPOLAR 





d-c bipolar power 

100-400 Watts 

1] High speed: slew up to 11 Volts per microsecond. 
_] Source and sink. Four quadrant operation. 


_] Precision stabilization: 
0.001% source, 0.002% load. 


CL} Analog programmable. 
Kepco Group BOP Power Supplies 


The lobster's claw can move quickly 
and is a real threat in its natural 
habitat (as shown, it was a threat 
mostly to our photographer, who 
reported: Delicious!). Our habitat is 
an analog “real” world. To model and 
simulate it, Kepco’s ATE, BOP, BHK 
and OPS are the fastest analog 
power tools around. They offer the 
kind of voltage agility that allows a 
current stabilizer to recover quickly 
from the transient of a dynamic load. 
They provide you with the speed to 
program test voltages in rapid fire 
sequence. Tools include power to 
1000 Watts, voltage to 5000 Volts and 
lobster to 5'/2 Ibs. The bipolar models 
(BOP) operate in 4 quadrants. 
Conventionally filtered power tools 
are at home in your laboratory habitat. 





d-c bipolar power, high voltage 
+500V & +1000V, 40 Watts 

_] High speed: slew up to 3 Volts per microsecond. 
_) Source and sink. Four quadrant operation. 


(] Precision stabilization: 
0.0005% source, 0.0005% load. 


LJ Analog programmable. 
Kepco Group BOP-HV Power Supplies 








d-c unipolar power, high voltage 
0-500V, 1000V and 2000V, 20 Watts 


LJ Conventional speed: 
energy storage typically > 100u.F per Ampere. 


(J Large meters and 10-turn controls 
for ease of adjustment. 


CJ Precision stabilization: 
0.001% source, 0.005% load. 


CJ Analog programmable. 
Kepco Group APH Power Supplies 





d-c unipolar power, high voltage 
0-500V, 1000V, 2000V, 3500V, 5000V 
20-35 Watts 


CJ High voltage power operational amplifiers 
for simulation & modeling. 

LJ High speed: slew rate better 
than 1 Volt per microsecond. 

Kepco Group OPS Power Supplies 


SEE OUR PAGES IN VOLUME D all 


a-C power Switching 
and d-c bipolar a-c to d-c and 
Instrumentation d-c to d-c 


d-c unipolar power, high voltage 
0-500V, 1000V & 2000V, 200 Watts 


LJ Conventional filtering & 
high speed, user selectable. 


CJ Precision stabilization: 
0.005% source, 0.01% load. 


CJ Analog programmable. 
Kepco Group BHK Power Supplies 
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== _ THE POWER SUPPLIER™ 
SINCE 1946 
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146-1704 





146-1716 446-1760 


4 
Call/fax/write to Dept. MEM-12 for any co= 


of our three catalogs. 





Kepco, Inc., 131-38 Sanford Avenue, Flushing, NY 11352 USA e Tel: (718) 461-7000 e Fax: (718) 767-1102 @ Easylink (TWX): 710-582-2631 
Eastern Region: 131-38 Sanford Avenue, Flushing, NY 11352 USA e Tel: (718) 461-7000 e Fax: (718) 767-1102 e Easylink (TWX): 710-582-2631 
Western Region: 800 West Airport Freeway, Suite 320 LB 6018, Irving, TX 75062 USA « Tel: (214) 579-7746 @ Fax: (214) 579-4608 

Kepco Europe, Ltd., London, England: Salamander Quay West, Park Lane, Harefield, Middlesex UB9 6NZ e Tel: + 44 895 825046 @ Fax: + 44 895 825045 
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now, DOS anc 
couldnt ru 


Introducing IRMX°® for Windows: that lets DOS and iRMX software work together to 
Real-Time Windows™ for PCs. generate powerful applications. 
Running DOS or Windows’ and real-time on a This reliable operating system takes full 
- PC used to create some rather formidable challenges. | advantage of the protected-mode features of the 
After all, you could only run one at a time. : popular Intel386™ architecture. So it opens new 
Fortunately, there’s a whole new direc- , avenues for cost-effective solutions. 
tion in real-time processing. It’s called iRMX® \GZ# Of course, IRMX for Windows also 
for Windows. And it’s a proven environment AWARD opens some powerful options for software 


© 1991 Intel Corporation. iRMX is a registered trademark and Intel386 and Real-Time Windows are trademarks of Intel Corporation. *Windows is a trademark of Microsoft Corporation. 
iRMX for Windows is an EDN Innovation of the Year Award winner for 1991. 
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concurrently. 


engineers. Like bringing the huge installed base of Call 1-800-GET-1RMX and ask for Lit. Packet #1C. 
DOS applications, tools, and the popular Windows You'll receive our Real-Time Response Kit. And 
environment to real-time development. What’s give your next application some serious momentum. 
more, as a developer, you’ll receive professional 


support from Intel engineers. = 
All of which is important when you’re racing ; Nn « 


to bring your application to market. 
So make the shift to iRMX for Windows. The Computer Inside™ 
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Where would you go to answer 
all of your analog and digital 
circuit design questions? 


e brought you PSpice — the world’s most popular 

mixed analog and digital circuit simulator. Now 
we bring you the Design Center — the universal analog 
and digital circuit design environment! Offering integrated 
schematic capture, mixed-mode simulation, and graphical 
waveform analysis, the Design Center will take you and 
your circuit design from conception to realization with ease 
and efficiency. 


Graphically Capture Your Circuit Design 


Using the Design Center, circuit drawings are simple to 
create and edit. Select from over 5,700 analog and digital 
components maintained in our continually expanding 
device and symbol libraries. Or create your own devices 
and symbols to suit your individual application. 


Run PSpice Simulations Directly from Your Schematic 
When your circuit drawing is complete, you can initiate 


PSpice analyses from choices on the pull-down menus. 
Netlists are generated automatically and can be examined 


50 





CAPSPICE(moterdry.sch:p.1 — feurrent] Pant: 


\ sensorless brushless DC motor control system is 
graphically defined using part symbols from our 
analog and digital libraries, as well as 
symbols customized for the application. 


on the screen. The electrical rule checker inspects the 
electrical connections on your schematic for integrity, 
before the simulation is run. 


Maintain the PSpice Mixed-Mode Simulation Advantage 


The Design Center provides analog-only, mixed 
analog/digital, and digital-only electrical circuit simulation by 
integrating the capabilities of our well-known PSpice 
simulator. With the Design Center, these features are 
standard: 
¢ analog behavioral modeling, 
¢ Monte Carlo and sensitivity/worst-case 
statistical analyses, 
¢ fully integrated, event-driven digital simulation 
supporting state, strength, and timing modeling, 
as well as worst-case timing simulation, 
¢ extensive device libraries containing over 4,000 
analog and 1,700 digital devices, 
¢ analog and digital stimulus generation, 
¢ analog device characterization, and 
¢ graphical waveform analysis of simulation results. 
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THE DESIGN CENTER:! 


e Analysis Markers Hel 


Using analog behavioral models for the motor, and devices 
from our analog and digital libraries, the Design Center 





simulates the closed-loop control system. 


View Waveforms Directly from Your Schematic 


Analog waveforms and digital signals can be displayed 
simultaneously along a common time axis, while remaining 
within your circuit drawing environment. Simulation 
results can be interactively viewed in a variety of ways 
including fast Fourier transforms, derivatives, integrals, 
user-defined functions, and buses, as well as analog and 
digital waveform expressions. Performance analysis, 
multiple Y axes, and flexible plot control are a few of the 
additional reasons why you’ll benefit from graphical 
waveform analysis. 


Choose from Several Configurations 


Whether you run on a windows platform, or not, there is a 
configuration of the Design Center for you. Choose our 


full-featured system with schematic capture, available under 


Windows 3.0 or OpenWindows. Or choose one of our 
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The Design Center displays PSpice simulation results for 
both analog and digital waveforms together 
on the same plot. 


reduced configurations without schematic capture, available 
on a variety of platforms; you’ll continue to benefit from the 
Design Center’s powerful simulation and analysis features. 
Whichever configuration you choose, we feel that the 
Design Center provides the most comprehensive system 
for circuit design available today. 


We’re Making Mixed Analog and Digital Circuit Design 
the Standard! 


Why not make it yours! For further information on 


MicroSim Corporation’s Design Center, call toll free at 
(800) 245-3022 or FAX at (714) 455-0554. 


1 al MicroSim Corporation 


The Standard for Circuit Design 


20 Fairbanks « Irvine, CA 92718 — 


THE MAKERS OF PSPICE 





PSpice is a registered trademark of MicroSim Corporation 
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SIEMENS 





Protection Selection. 


From Siemens... 
metal oxide varistors 
and gas tubes. 





SCI-1015 
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Take advantage of a superior 
selection of overvoltage protection 
devices. Siemens offers a 
comprehensive line of transient 
protectors that spans AC line and 
DC applications and can suppress a 
spectrum of current surges ... froma 
few amps to 100KA. For demanding 
and diverse applications, Siemens 
offers uncompromised quality and 
unequalled selection: 


SIOV (Metal Oxide Varistors): 
Most types UL and CSA recognized. 
Disc types in five-industry standard 
sizes. SMD types in four industry- 
standard sizes. Special “auto’’ types 
for severe automotive applications. 


Encapsulated and low profile epoxy- 
coated block types for high energy 
and current handling requirements. 


SVP (Surge Voltage Protectors): 
2-electrode gas tubes, including 
miniature 5mm sizes and types 
especially designed for 
communications applications. 
3-electrode types, including a fail- 
safe option for telecom applications. 


Lead forming and tape-and-reeling 
is available on both products. 

Call today for literature and/or 
technical assistance. 
1-800-222-2203 


Siemens transient protectors are distributed by ADVACOM, ADVENT, ALLIED, CAPSTONE, HALL-MARK, MARSHALL, and SAGER. 
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Today’s $3 mono- 
lithic op amps can 
outdo their $50 
hybrid cousins and 
contend for many 
discrete closed- 
loop designs. 





Anne Watson Swager, 
Technical Editor 
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HIGH-SPEED MONOLITHIC OP AMPS 


Low-cost op amps 
break speed barriers 


igh-speed op amps are fast ap- 
proaching commodity status 
as prices plummet. But don’t 


confuse the word “commodity” with “or- 
dinary.” These low-cost devices offer un- 
precedented levels of monolithic-device 
performance. New fabrication processes 
and newly applied current-feedback de- 
sign methods are resulting in myriad 
high-frequency devices that match or 
surpass their hybrid counterparts for a 
fraction of the cost. These op amps also 
let you apply closed-loop design tech- 
niques at frequencies 
that were previously im- 
possible. 

But remember that no 
single op amp can do it 
all, and these high-speed 
devices are no exception. 
High-voltage vs low-volt- 
age process tradeoffs 
and ac-vs-de performance 
tradeoffs will always ex- 
ist. Longstanding com- 
promises still apply; sta- 
bility comes at the ex- 
pense of bandwidth. Capacitive loads 
won't cause many of these op amps to 
oscillate, but that stability comes at the 
expense of speed. 

And unlike slower amplifiers, high- 
speed amplifiers have “personality,” as 
Barry Harvey, a designer at Elantec 
Inc, puts it. High-speed op amps can 
behave differently under different con- 
ditions and can be quite unpredictable. 
Manufacturers are attempting to strip 
these devices of their personality and 
make them easier to use and more for- 
giving of their environments. 

But no high-speed design will ever be 


free from its high-strung temperament. 
As tempting as it is to design in an op 
amp from data-sheet numbers alone, a 
data sheet simply can’t reflect these 
high-speed devices’ performance subtle- 
ties. Bench-level evaluation is the only 
way to ensure that an op amp fits your 
design requirements. 

Because of the compromises op-amp 
designers are forced to make, few of 
these new amplifiers fit the description 
“general purpose.” Certain op amps are 
better performers in certain categories 





The simplest-looking circuits can demand the highest amplifier 
performance. Driving cable at video speeds is one such application 
that new high-speed op amps can accomplish with textbook circuits. 


than in others. Even the same op amp 
can work well at a certain set of supply 
voltages but more poorly than compara- 
ble op amps at other voltages. 

Table 1 shows a sampling of the 
newer low-cost, high-speed devices, but 
this list can’t come close to showing the 
breadth of the portfolio offered by many 
of these high-speed op-amp suppliers. 
Many vendors offer so many high-speed 
devices that their selection guides cate- 
gorize the op amps using some secon- 
dary characteristic. Such characteristics 
include accurate settling, low power, 

Text continued on pg 56 
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High-speed monolithic op amps 





Table Representative high-speed, low-cost monotiithic op _ 


Company 


Analog Devices 
inc 









50 to 0.1% : 

(10V step, 

gain = —1) 

65 to 0.01% 


230 90 to 0.1% 0.02% 
(1-kQ load) (10V step, O04> 


Current feedback 









(20V out) 













Voltage feedback, 
externally 
compensated 






120 at —1 
(with 
compensation) 


AD845 FET input, 16 at _ 310 to 0.01% N/S 
voltage feedback _ 

AD847 Low power, 120 to 0.1% 
voltage feedback © 





gain = — 19) 











~~ Low power, 
 . current feedback 
— CLC430 — 





: “HA-2481/-2642 | Low power, “S4atii =«=—|_~—Ss« 250/375 80/100 10 0.196 . 
an __| voltage feedback | 40 at2 0s 
_ a 7 A020 Current feedback  100at1 800 100 to 0.25% | 

 . - | eee 


HFA1100. | Very — | 850 at 1 00 | ite O ie) 
series §|_ current feedback Cs _ (SV out, _ (2V step) 


(8V step) | 
Products 


‘Texas 
_ Instruments: Inc 
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High-speed monolithic op amps 


low offset voltage and drift, low in- 
put bias current, low noise, low dis- 
tortion, and high output current. 


Process technology is one key 


Process-technology improve- 
ments have as much to do with 
these amplifiers’ performance as do 
innovative IC design techniques. 
Making the connection between 
process technology and amplifier 
performance doesn’t require a PhD 
in device physics, just a basic 
understanding of process implica- 
tions. Lower-voltage processes lead 
to higher speed; higher-voltage 
processes lead to higher precision. 
Complementary processes, which 
result in independent and ideally 
well matched npn and pnp transis- 
tors, also lead to higher speed and 
lower quiescent power dissipation. 

Complementary processes have 
had the greatest effect on amplifier 
performance. These processes lead 
to npn and pnp transistors with 
similar switching speeds, although 
the npn devices are still somewhat 
faster. Using complementary proc- 
esses, designers can produce sym- 
metrical circuits that have efficient 
output stages and can effectively 
‘manage the power within the ampli- 
fier. Making a device with a comple- 
mentary process requires more 
steps than do other processes, 
which often—but not always— 
means more expensive wafers and 
op amps. 

Although process technology has 
a tremendous impact on a device’s 
performance, you shouldn’t make gen- 
eral assumptions about an op amp 
based solely on its process. Ac- 
cording to Bill Gross, design man- 
ager at Linear Technology, “There is 
no single appropriate process for all 
high-speed amplifiers, just as there 
is no single definition of high speed.” 
Each company uses a variety of 
processes to achieve amplifiers that 
have the desired specifications. 

Because of process advance- 
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ments, you also can’t generalize in- 
dividual device cost from overall 
wafer cost. Wafers produced by 
complementary processes do cost 
more, but the resultant op amps 
will not necessarily cost more. 
Harris Semiconductor recently 
announced a high-speed process 
that the company will use to build 
many of its future high-speed prod- 
ucts. Although each wafer this proc- 
ess produces costs much more than 
other wafers, the packing density 
of each device is much greater (Fig 
1). More devices per wafer means 
lower cost per device. The process 
lets the company build ultrahigh- 
speed devices, such as the HFA- 
1110 family. At $9.95 (100), the fam- 
ily costs more than many of the 
other devices in Table 1, but it also 
offers 850-MHz-bandwidth parts. 


Second sources disappear 

One important impact of compa- 
nies’ having proprietary process 
technologies is the limitations 
placed on second sourcing. For 


many years, small companies and 
even larger companies with their 
own fabrication facilities built and 
continue to build high-speed op 
amps using AT&T’s high-speed, 
complementary low-voltage proc- 
ess. Because AT&T’s process was 
open to everyone, many companies 
built comparable products with the 
process and used design tricks to 
enhance the performance of its own 
op amps. As a result, companies 
could easily second source a variety 
of op amps. 

Companies will find it more diffi- 
cult—but not impossible—to second 
source the newer low-cost, high- 
speed amplifiers built using pro- 
prietary processes. Thus, your rela- 
tionship with and confidence in your 
supplier is increasingly important. 
Also crucial is the design support 
the manufacturer offers, such as 
evaluation boards and macro- 
models. 

Almost all the vendors in Table 
1 offer macromodels of their op 
amps, but be forewarned: These 


CONTACT 





Fig 1—You can’t choose op amps on the basis of process technology alone—you need 
some appreciation of how the devices achieve their specifications. A high-speed process 
developed by Harris Semiconductor lets the company build fast op amps using a smaller 
die (a) than the company’s older process (b). The resulting 850-MHz op amps cost $9.95. 
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High-speed monolithic op amps 


macromodels leave out almost as 
many effects as they include. Elan- 
tec clearly states its models’ short- 
comings on the data sheet. The 
models approximate frequency re- 
sponse and small signal transients, 
but not the effects of load capaci- 
tance, noise, or slew-rate limita- 
tions. You can’t rely on macromod- 
els to reveal op-amp performance 
subtleties. 


Current feedback proliferates 


In addition to process improve- 
ments, current-feedback design 
techniques have also spurred the 
high-speed amplifier market. So 
many current-feedback amplifiers 
exist today that almost half of the 
op amps in Table 1 are current- 
feedback types. You'll find some 
good explanations of the current- 
feedback architecture in Refs 1 and 
2 as well as in many companies’ ap- 


plication literature. Because of the 
basic architectural differences be- 
tween current-feedback amplifiers 
and voltage-feedback types, follow- 
ing a few key points is crucial to 
applying them correctly (see box, 
“Application tips for current-feed- 
back amplifiers”). 

Current-feedback amplifiers have 
two basic virtues: Unlike voltage- 
feedback amplifiers, they don’t re- 
quire huge gain-vs-bandwidth 
tradeoffs, and their freedom from 
slew-rate limiting makes them in- 
herently linear at high frequencies. 
Also, the current-feedback archi- 
tecture is generally very symmetri- 
cal, which leads to low distortion 
levels. A current-feedback ampli- 
fier’s ac distortion has nothing to 
do with its de specs, nor is it a 
strong function of the amplifier’s 
bandwidth. 

As always, there are exceptions 


the Faget monolithic op amps a diced i in 
propriate numbers on the Information Retrieval 
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to every rule. In reality, the band- 
width of a current-feedback ampli- 
fier still varies somewhat with gain. 
This variation is primarily due to 
the op amp’s low inverting input re- 
sistance. Also, some of these ampli- 
fiers still have slew-rate limitations 
that can affect their linearity. The 
higher the power-supply current— 
15 mA seems to be optimal—the 
better chance a current-feedback 
amplifier has to be linear. This 15- 
mA supply current compromises 
the low distortion of dual and quad 
op amps. 

Also, current-feedback amplifiers 
don’t perform equally well in nonin- 
verting and inverting configura- 
tions. Unlike a voltage-feedback 
type, a current-feedback op amp 
doesn’t have two high-impedance 
inputs. The noninverting input has 
a high impedance, on the order of 
1.5 MQ, but the inverting input has 
an extremely low impedance, on the 
order of 150. Thus, each input has 
its own level of input bias current. 

You can use the inverting con- 
figuration for circuits that don’t re- 
quire gain, such as inverted-sum- 
ming circuits. But because of the 
inverting input’s low impedance, in- 
verting-gain configurations are lim- 
ited. For example, using a current- 
feedback amplifier in an inverting 
configuration restricts your choice 
of the input gain-setting resistor. 
After choosing the feedback re- 
sistor to set the bandwidth of a cur- 
rent-feedback amplifier, you then 
choose the input resistor to set the 
gain. If you want to achieve high 
inverting gains, such as 10, the in- 
put-resistor value needs to be so 
small that the source would have 
difficulty driving this low imped- 
ance in combination with the invert- 
ing input’s low impedance. 

Even more vexing than the drive 
problem is the problem of running 
high-frequency signals through a 
length of wire or trace—which has 
inductance—and into the inverting 
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Siemens Matsushita Components 


You won't find many who are 
into SMT like we are. We operate 
a technology center in Austrian 
Deutschlandsberg especially 

for developing and fabricating 
SMDs. As a result S+M Com- 
ponents can offer you an exten- 
Sive range of surface-mount 
thermistors. 


Take NTC thermistors that com- 
pensate temperature in hybrid 
circuits, and unite all the benefits 
of SMT: for wave and reflow sol- 
dering, supplied on 8-mm tapes, 
with 5% resistance tolerance. 


Or surface-mount PTC ther- 
mistors, aS overload protection, 


for temperature sensoring, plastic 


encapsulated for example. 


CIRCLE NO. 19 


Turn our SMT capability to your 
market advantage. Ask for full 
details of thermistors from 

S+M Components. Just write to 


Siemens Matsushita Components 
GmbH & Co. KG, 

Marketing Communication, 
BalanstraBe 73, 

D-8000 Munich 80, 

quoting “SMD thermistors”. 


The components make it - 
Siemens Matsushita Components 
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High-speed monolithic op amps 


node. The combination of the induc- 
tance and low resistance limits the 
op amp’s frequency response long 
before any loading effects occur. 
Noninverting configurations 
place no such constraints on the in- 
put resistor of current-feedback op 
amps because of the noninverting 
input’s high impedance. Even in 
positive-gain configurations, cur- 
rent-feedback op amps do best with 
moderate gains of 10 to 20, but not 
as high as 50. However, don’t over- 
look other data-sheet exceptions for 
noninverting-configuration opera- 
tion limits. Despite claims to the 
contrary, some current-feedback op 
amps do suffer from input slew-rate 
limits. These limitations prevent 
their practical use in certain 


& 
(+2V PULSE, 
3000V/~uSEC 
SLEW RATE) 


positive-gain configurations (Fig 2). 

Common-mode rejection, noise, 
and accurate settling are not a cur- 
rent-feedback op amp’s strong 
points. The current-feedback device 
has no differential input stage to 
cancel out common-mode effects. 
Its input voltage noise is fairly low; 
however, current noise on the in- 
verting input is multiplied by the feed- 
back resistor to produce output noise. 

For example, the EL2120 has an 
input noise voltage of 4 nV/VHz, 
but its noise current is 20 pA/V Hz. 
If this amplifier uses a 1-kQ feed- 
back resistor, the current noise 
would be 20 nV/V Hz, which would 
totally overwhelm the noise volt- 
age. The good news is that the cur- 
rent noise decreases as the gain in- 


O TO SCOPE 





creases. Manufacturers usually rec- 
ommend feedback-resistor values 
much lower than 1 kQ; for example, 
3300) for the EL2120. 

Finally, although current-feed- 
back op amps tend to have high 
slew rates, they also have long ther- 
mal settling tails. Thus, these am- 
plifiers can settle very quickly to 
accuracies of 0.1%, but take much 
longer to settle to higher accura- 
cies. This feature alone takes cur- 
rent-feedback op amps out of the 
running for instrumentation appli- 
cations. 


Find the one you want 

Once you focus on a few impor- 
tant specs and decide whether volt- 
age- or current-feedback types bet- 


Fig 2—No two current-feedback amplifiers are alike, although they are all architecturally similar. For example, three of these amplifiers 
operating under the same slew-limited conditions exhibit three very different responses to a 4Vp.p high-speed pulse (a). The amplifier in b 
is well behaved, but those in c and d reveal distortion that is most likely the result of input slew-rate limitations. (Photos courtesy 
Elantec Inc) 
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THIS YEAR'S HARVEST HAS 
YIELDED SOME COLORFUL RESULTS 





LIKE THE NEW SPECTRUM SERIES, 
THE MODULAR DESIGN THAT OFFERS 
AN ARRAY OF STANDARD FEATURES INCLUDING PFC. 


Astec introduces a new high power product of unmatched versatility and value. Its compact footprint 
and standard PFC front-end make the Spectrum Series compliant with IEC 555-2 while bringing 
Significant space savings to countless designs. With up to 12 outputs plus a full range of output 
currents and voltages, Spectrum will accommodate any configuration of power between 500 and 2000 
watts. ; 

Many features, considered options in the industry, are standard in the Spectrum Series, including 
current share, remote sense, voltage adjustment, margining, power fail and level A EMI filtering - all at 
no additional cost. | 

Standard modules are stocked for fast delivery. To reap the many benefits from Astec's new 
Spectrum Series, call the toll free number below. 


ASTEC STANDARD POWER 
Division of Astec America, Inc. 
401 Jones Rd. 


Oceanside, CA 92054-1216 
Telephone: 619-757-1880 : i 
ASTEC Facsimile: 619-439-4243 For Literature or Information 
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High-speed monolithic op amps 


ter suit your design, you'll have nu- 
merous op amps to choose from. 
These devices are specified over an 
increasingly wide range of power- 
supply voltages, often for both +5 
and +15V and any voltage range 
in between. Some low-voltage op 
amps include specs for 5V operation 
only. Almost all of these op amps 
are available in 8-pin DIPs and 
small-outline packages. Most op 
amps come in single packages; duals 
are available but less prevalent. 

Most all of these amplifiers are 
unity-gain stable, and many are sta- 
ble even while driving capacitive 
loads. Although the amplifiers don’t 
oscillate when driving capacitive 
loads, that stability comes at the 
expense of bandwidth (Fig 3). You 
should interpret the words “can 
drive capacitive loads” on the data 
sheet as “the amplifier slows down 
and adjusts to the load automati- 
cally.” Thus, to keep the op amp 
running at its maximum bandwidth, 
you still need to keep the load ca- 
pacitance as low as possible. 

Keep in mind that these op amps 
demand the same respect as any 
high-speed component. All high- 
speed designs require extremely 
careful layout and power-supply de- 
coupling. For this reason, most 
manufacturers provide evaluation 
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boards that you can use to evaluate 
the part and emulate the manufac- 
turer’s suggested layout. 


Application-specific specs 

These monolithic op amps are in- 
creasingly specialized and specified 
for applications like broadcast 
video, HDTV, and communications. 
Even bandwidth is being specified 
with more detail than ever before. 
Instead of providing information on 
only the —3-dB bandwidth of de- 
vices, manufacturers specify gain 
flatness. For example, the AD811 
features gain flatness to within 0.1 
dB at frequencies as high as 35 
MHz. The HFA1100 has a gain flat- 
ness of 0.04 dB to 50 MHz and 0.14 
dB to 100 MHz. 

Almost all these devices include 
specs for differential gain and 
phase, the classic measure of distor- 
tion for composite video systems. 
Because the amplitude and phase 
of a composite signal carry color in- 
formation, modulating these quanti- 
ties will cause color distortion. And 
because video systems often have 
chains of amplifiers, those amplifi- 
ers’ specs must be that much tighter 
than the overall system spec. 

For systems with 10 amplifiers 
and goals of 0.1° and 0.1 dB for dif- 
ferential phase and gain, respec- 


tively, each amplifier must have a 
differential phase of 0.01° and a dif- 
ferential gain of 0.01 dB. The 
AD811 and EL2120 comply with 
these extremely tight require- 
ments. 

In addition to video specifica- 
tions, many of these op amps have 
video-specific features such as dis- 
able pins. The CLC430 and EL2120 
have high-speed disables of 100 and 
50 nsec, respectively. 

As these amplifiers encroach on 
RF territory, communications specs, 
such as third-order intercept, are 
becoming more and more common 
on data sheets. Third-order in- 
tercept is a measure of the change 
of third-order intermodulation com- 
ponents. The third-order intercept 
point is the intersection of two 
plots: output vs power and output 
third-order intermodulation-distor- 
tion components vs input. 


Scrutinize data sheets 


Despite evolving data sheets, 
some things never change. Manu- 
facturers can’t resist skewing specs 
to their advantage. The difference 
between bandwidth and gain-band- 
width product is especially murky 
for high-speed voltage-feedback 
amplifiers. For low-frequency am- 
plifiers, you can safely assume that 


Fig 3—Stable operation while driving a 
capacitive load is a characteristic more and 
more high-speed amplifiers, such as the 
MAX404, share. However, as the capaci- 
tance increases, the amplifier must slow 
down to remain stable. Note the slowest re- 
sponse on the bottom trace. (Photo courtesy 
Maxim Integrated Products) 
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Why Settle for 2 
040 Board? 


You’ ve chosen the 7040 because you # 
need maximum performance in your 
VME system. But look carefully, 
because other Single Board Computers 
may only give you only half of what you 
expected from the ’040. 





SV430 outperforms every other SBC on 
the market by as much as 150%. 







Surprisingly, this kind of quality won’t cost 

you any extra, because Synergy products 
lead in another important area— value. At 
Synergy, you don’t have to pay a premium 


Compare Synergy’s SV430 perform- price for premium performance. 


ance to any other SBC. Compare bus 
speed, MIPs, support, flexibility, docu- 
mentation, reliability, I/O intelligence 
or any spec you can think of. We think 
you ‘Il find the same thing we did—the 


' Let us show you just how far ahead your system 
can be with a Synergy processor board. Call us today, 
and get the whole ’040 story. 


MBytes/sec 


MBytes/sec 


VME pea DRAM DRAM 
Transfers wae = Burst Random 
VME64 doubles si | = Rates Accesses 

bus performance A 25 MHz ’040 Non-burst ’040 


to 66 MB/s—and 
the SV430 is the 
only ’040 board 
that has it. But 


-performance is 
measured in wait 
states. Fewer 
wait states mean 


| is capable of 

= accessing mem- 
ory at 80 MB/s. 
The closer you 

















we don’t need = are to this max- higher perform- 
VME64 to win > imum, the more ; ance. The SV430 
| E== this comparison. 040 perform- slebal deat is not only 66% 
Even normal 32- bit andes race at 33 MB/s. ance you’re gaining. $V430 bursts are 26% faster than Force or Motorola, it supports twice 
That’s 200% faster than Force or Motorola. faster than Force and Motorola. the on-board memory —32 MB. 
020 & 030 
°020/°030 Product 
: es Compatibility Warranty 
eu Software Synergy backs 
ae compatibility the reliability of 
‘aie ——— between Synergy its SBCs witha 
12 Sync >» SBCs means two year standard 
: Erne users have simple warranty. Force 
GPIB | upgrades to the and Motorola 
on. SV430 from only offer 
| Encryption our ’020 and you one 
Proto- 030 SBCs. Force offers compatibility only from 
typing the ’030 level, and Motorola offers “upward 
a migration” —a polite phrase that means rewrit- 
EGA ing your code. 
Graphics 
Ss 


I/O Modules 
Synergy’s EZ-Bus modules are compatible 
with our entire line of SBCs. This means 
Synergy’s current line of 12 intelligent I/O 
modules are immediately available for the 
SV430—today. No other vendor comes close 
for selection, functionality or availability. 


Data from Motorola MV MEI165 data sheet dated 2/90, and 
Force CPU-40 data sheet Al Rev. |. DRAM measurements 
shown are with parity. VMEbus transfers are to a 60ns slave. 


VME64 is a trademark of Performance Technologies, Inc. 
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CIRCLE NO. 39 
I EEL EEE EEE 





o #2 y y, x re, Ima gin e] ligh tweight, ee 
v4 y precision-expanded 


j Imagine it wrapping, 
-= laminating, contracting, 
Be expanding. 






single-unit structure that 
eliminates the 

unraveling and contact 
resistance of woven 
mesh. 











Imagine it with superior 
Shielding, electrical and 
heat transfer 

properties. 







} MicroGrid- wherever mesh 
@ and perforated materials 
* with high precision, 
mechanical and electrical 
me Properties, like EMI/RFI/ESD 
eee shielding are required. 

~ | Share your imagination with 
Our engineers. We'll help 
develop a MicroGrid for you. 
Call for a free sample. 






Now imagine how you'd 
use this material. 

Its called MicroGrid™ 
Precison-Expanded Foils. 


DELKER 


CORPORATION 














16 Commercial St. 
P.O. Box 427 
Branford, CT 06405 
203-481-4277 

FAX: 203-488-6902 
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Find that thin person 
inside of you. 


a “The machine has done wonders. | went from 220 pounds to 180 pounds 
n3 months. | lost 6 inches from my waist. My friends are amazed!” 
NordicTrack melts 
unwanted inches away. 
Get rid of that “spare tire’ for good. The key is sensible eating 


plus regular aerobic exercise on a NordicTrack® cross- 
country ski machine. 


NordicTrack burns more calories. 

Research shows that by working your total body, NordicTrack 

burns more calories than exercise bikes, treadmills, 
stairclimbers and other ordinary exercisers 
that only work your legs — up to 1,100 per 
hour, according to fitness experts. 


“~~ NordicTrack increases 
eos metabolism. 
y raising your metabolism, NordicTrack actually 
changes the rate at which your body consumes 
calories. You reduce body fat, increase lean 
muscle tissue, and start to burn more calories 
even at rest. 


NordicTrack is easy. 


k' With NordicTrack you can trim and tone your entire 
or d | Cc r ze Cc body — including your waistline — in as little as 20 


minutes, three times a week. 





as Call today for a 
© write: , ; 
NordicTrack, Dept. 144A2, 30-day in-home trial. 


oz" 1-800-328-5888 


Ext. 144A2 


©1991 NordicTrack, Inc., A CML Company All Rights Reserved 
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High-speed monolithic op amps 


most unity-gain amplifiers are sta- 
ble. Therefore, a gain-bandwidth 
product of 1 MHz implies that at a 
gain of 1, the bandwidth is 1 MHz. 

This assumption doesn’t hold true 
for high-frequency op amps. It’s im- 
perative to judge.a voltage-feed- 
back amplifier by both its gain- 
bandwidth specification and its 
minimum closed-loop gain. Because 
the gain-bandwidth product is con- 
fusing and not applicable to current- 
feedback amplifiers, Table 1 shows 
the —3-dB bandwidth at some us- 
able level of gain. For voltage- 
feedback types, don’t forget that 
the bandwidth will be even lower 
for higher gains. 

The low cost and wide availability 
of high-speed monolithic op amps 
lets you design circuits and systems 
whose costs were previously pro- 
hibitively high. But often the sim- 
plest-looking and most common- 
place circuits can put the greatest 
demands on an amplifier. A video 
cable driver is a classic example. 
Driving 1500 loads is a difficult job, 
but the amplifiers in Table 1 accom- 
plish it using textbook circuits. 
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Sns BICMOS SRAMs 





itsubishi 
ved 2ns Off 

e Worlds 
Fastest SRAM. 





Ultra Fast 


Talk about cutting-edge technology! 

Mitsubishi’s 8ns 256K BiCMOS SRAM thrusts you into the next generation of chip design with © 
higher performance and density for ultra-fast cache applications like workstations, 
minicomputers and digital signal processing systems. == 


Center Power-Ground Pins warn No 
This 32K x 8 SRAM is the first to use a 0.6 micron BiCMOS process plus two pairs -AGHOR- 


of center power-ground pins to reduce noise. The result is blazing speed in a small “REREHAE 
footprint 32-pin SO] package. 

If that’s more speed than you need, this SRAM is also available in 10ns and 12ns access times. For 
more information, call 408-730-5900 ext. 2106. 

We'll help make your leading-edge designs razor sharp. 


2 MITSUBISHI 


ELECTRONIC DEVICE GROUP 
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Our new ops 


Introducing the op amps that are more than twice as fast 
as any others. The new Harris HFA-1100 family. 

870 MHz of blinding op amp speed. A shocking 2500 
volt/sec slew rate. A low low low 11 ns settling time. Harris’ 
unique UHF1 process technology makes all this possible. 

a _it all means these new ops are the top. The top of 





HFA-1110. 
It’s a buffer 
amplifier, 
featuring 

ultra high 
speed 700 MHz 
unity gain 
bandundth, ' 
2500 V/use 
rate and 7 
settling time. — 





















HA-5033. 
Buffering video. 
has never been — 
easier. Thanks 
to a 1300 V/use 
slew rate, excelle 
HA-2444 differential phase 
A mux and 4 
video op amps 
in a single 


chip. Ideal for 










ee. __ digitally selectable 
a : 4-channel video. 







Brussels 32-2-246-2111 © London 44-276-686-886 © Milan 39-2-2620761 * Munich 49-89-63813-0 






array of 
_ applications 
‘ag way 








really hop 


the broadest line of op amps in the world: the Harris line. 
So for ops that really hop, to ops at low cost, remember. 















Nobody gives you more 
to choose from than Harris. worms eet 
Just give usa call today. HFA1100 870 MHz | 2500 W/usec 

HFA1110 700 MHz | 2500 V/usec 

HFA-1100. 
: This op ts 
HFA-1130. tops. It’s the 
The same . world’s fastest 
870 MHz : _. * monolithic 
speed as our - op amp at 
industry-leading 870 MHz. 
HFA-1100. 
Plus a I ns 
_ output clamp. 








HFA-0001. 
With a 
1000 V/usec 

slew rate, 
and 350 MHz a 
bandwidth, 
thisop 
really hop 





HA-5020. 
Our low-cost 
version of 4 
the EL2020, 
but enhanced 
to give you a 
full 100 MHz 
bandwidth. 





40 MHz, 
low-power 
version of our 
industry- 
standard — 
HA-254 1. 


“a. -IARRIS 


Ss EMAC ON DUC To R 





e Paris 33-1-34-65-40-80 ¢ Hong Kong 852-723-6339 © Tokyo 81-3-3345-8911 
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Industry’s first 2M Video RAM 
features 256K x 8 RAM port; 70Ons access speed. 








Great graphics give you the edge inthe Per Bit (for both the old and new masks), 

workstation market. And superior video and Split Buffer. We’ve added a powerful 

RAMs are key to enhanced graphics new feature called Stopping Column for 

performance. binary boundary jumps. 

For a new generation Our 2M VRAM is 

of 2M video RAMs available in fast page 

that support greater and hyper-page types. 

speed, higher resolu- The cycle time for 

tion and an expand- hyper-page mode is 

ed color palette, 35ns. Package options 

come to NEC. are SOJ, shrink ZIP, and 
Our 2M video RAMs TSOP II. 





are fabricated with a NEC developed the 
0.74 CMOS process. industry’s first 256K 
They integrate a 256K x 8 RAM and video RAM. Now were first again with 
a 512 x 8 SAM. The RAM port access the 2M VRAM. To find out how our 
speed is 7Ons — fastest in the industry. leadership in graphics memories can 
Convenient features for speedier screen brighten the marketing picture for your 
updates include — Block Write, Write workstation, call NEC today. 


For fast answers, call us at: 

USA Tel:1-800-632-3531. Fax:1-800-729-9288. Germany Tel:0211-650302. Fax:0211-6503490. The Netherlands Tel:040-445-845. Fax:040-444-580. 
Sweden Tel:08-753-6020. Fax:08-755-3506. France Tel:1-3067-5800. Fax: 1-3946-3663. Spain Tel:1-504-2787. Fax: 1-504-2860. |taly Tel:02-6709108. 
Fax:02-66981329. UK Tel:0908-691133. Fax:0908-670290. \reland Tel:01-6794200. Fax:01-6794081. Hong Kong Tel:755-9008. Fax:796-2404. 

Taiwan Tel:02-719-2377. Fax:02-719-5951. Korea Tel:02-551-0450. Fax:02-551-0451. Singapore Tel:253-8311. Fax:250-3583. 

Australia Tel:03-8878012. Fax:03-8878014. Japan Tel:03-3454-1111. Fax:03-3798-6059. 
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IN THE TIME IT TAKES TO READ 


THIS AD, YOU COULD ROUTE 
THE WORLD'S FASTEST FPGA. 


Believe it or not, it only 





reprogrammed an un- 


takes about 150 seconds to limited number of times. 
place and route a Xilinx Our FPGAs save you 
FPGA. an enormous amount of 
It will probably take time right up front. And 
you longer to read this ad. they also save you time 
THE FIRST AND STILL later when you need to : 
THE FASTEST. make those “last minute 
At Xilinx we invented enhancements. 
the FPGA. And we've led Its one more way we 
the industry ever since. make it easier for youto 
With the fastest, high- get your product to market 
est performance FPGAs as fast as possible. 
available anywhere. : | ae iS | GETTING AN EDGE OVER 
To day, weo ffor sys tem Our new push-button software makes programming other logic devices seem positively tedious. YOUR COMPETITORS IS 
clock speeds of 60 MHz. ments even before you start to place JUST A PHONE CALL AWAY. 
With on-board RAM. And on-chip and route your design. If you've read this far, 
wide decode. If you’ve never worked with you could have already placed and 
Making our newest FPGAs ideal Xilinx FPGAs before, you'll findevery routed one of our FPGAs. 


for everything from FIFOs to address 
decoding. - 


NEW ENHANCED SOFTWARE 
PROVIDES PUSH BUTTON 
SOLUTION. 


To make Xilinx FPGAs even 
faster and easier to program, we've 
redesigned our software. 


SYSTEM CLOCK SPEEDS 


#2 3000 Family 
4000 Family 







‘Bit der/ 
Counter Subtractor AT&N Sept. 90 


As measured by typical design benchmarks, 
the XC3000 family is the industry's fastest 
FPGA. Or at least it was until we introduced 
the 4000 family. 

Our new version of XACT™ now 
comes with 200 soft macros. And 
fifty hard macros. 

Providing automatic placing and 
routing for virtually all designs. With 
greater than 90% gate utilization. 

If you've worked with Xilinx 
FPGAs before, you'll see improve- 


other logic device to be positively ELAPSED TIME FOR 100% ROUTING 





tedious by comparison. pe aoc 
WHEN IT COMES TO SYSTEM BF ao ice 
TESTING, WE PASS WITH 22 
FLYING COLORS. 25 


— 
oO 


Our newest FPGAs offer you the 
industrys first on-chip JTAG boun- 
dary scan for easy testing of PC 
boards and device I/Os. 

This unique Xilinx offering 
improves overall system testability 
and dramatically reduces board 
test costs. A major boost for those 
designing high-density, surface 
mount systems or complex, multi- 





USABLE GATES 


New algorithms have reduced place and 
route times by a factor of four 


So don't delay. No other pro- 
grammable logic company offers 
you the many exclusive features of 
Xilinx FPGAs. 

Call 1-800-255-7778. Or in 


layer PC boards. - 
ee pares California, 408-559-7778. And we'll 
IF AT FIRST YOU DON’T SUCCEED, —_ send you more information on how 
IT’S EASY TO TRY AGAIN. our FPGAs can give you the com- 
Xilinx FPGAs can be quickly petitive edge. 
See But you better hurry. 


Some of your competitors have 
already finished reading this ad. 


$° XILINX. 


The Programmable Gate Array 
Company 





© 1991 Xilinx, Inc. 2100 Logic Drive, San Jose, CA 95124. Europe, 44 (932) 349401. Japan, 81 (8) 297-9191. Asia, 852 (3) 721-0900. Xilinx and XACT are trademarks 
and The Programmable Gate Array Company is a service mark of Xilinx, Inc. All other trademarks or registered trademarks are the property of their respective holders. 
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PRODUCT UPDATE 





Synchronous cache RAMs 


run at 50 MHz 


The CY7B173 and CY7B174 syn- 
chronous cache RAMs operate at 50 


MHz, but they offer more than just 


high speed. To simplify cache- 
memory subsystem design, the de- 
vices incorporate logic functions 
such as address latches and burst 
counters. 

Both memories are organized as 
32k x9 bits. They operate synchro- 
nously, sampling the address, data, 
and control lines on the rising edge 
of the clock input signal. The clock’s 
minimum cycle time is 20 nsec, 
allowing operation at 50 MHz. 
Only the output-enable 
line operates asynchro- 
nously, setting the data 
output lines to high im- 
pedance within 7 nsec 
of de-assertion. 

For the memories to 
respond to a given 
clock cycle, both the 
chip select and address- 
strobe lines must be 
properly asserted. The 
devices have two com- 
plementary chip select 
lines, allowing you to 
use two banks of mem- 
ory in your system 
without external decod- 
ing logic. The devices also have two 
address strobe lines: one for the 
system processor and one for the 
cache controller. Having two ad- 
dress strobe lines eliminates the 
need for external logic in systems 
with processors that don’t relinquish 
control in the event of a cache miss. 

Both address strobe lines have 
the same effect during a read opera- 
tion. The data output becomes valid 
within 14 nsec of the rising clock 
edge. For write operations, how- 
ever, the address strobes have dif- 
ferent results. The controller’s ad- 
dress strobe causes a write opera- 


EDN January 2, 1992 


tion to complete in a single clock 
cycle. The processor’s address 


strobe, however, causes the mem-: 


ory to delay one clock cycle before 
completing the write operation. 
This delay lets cache-tag RAM or 


other logic time identify a cache 


miss and prevent the write opera- 
tion if necessary. If both address 
strobes are active, the processor ad- 
dress strobe takes precedence. 

The memories support burst ac- 
cess for read and write operations 
by supplying an address latch and 
a built-in burst counter. The 





Running as fast as 50 MHz, the CY7B173 and CY7B174 
cache RAMs also speed system design. The devices include 
data latches, burst counters, and other design-simplifying 
logic on chip. 


CY7B173 has a counter that follows 
the burst sequence of the Intel 
80486 processor. The CY7B174 offers 
a linear counter. You can use the 
burst mode with either the proces- 
sor or the controller address strobes. 

The devices operate at 5V and 
consume 250 mA. They come in 44- 
pin PLCC (plastic-leaded-chip-car- 
rier) packages and cost $69 (100). 
—Richard A Quinnell 

Cypress Semiconductor, 3901 N 
First St, San Jose, CA 95184. 
Phone (408) 943-2600. FAX (408) 
943-2741. 
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365 Standard Models 


single, Dual & Triple Output 
Remote Disable Pin Standard 
Up to 100V DC Output now 
Standard 

500V DC Isolated Input to 
Output 

All Units Shielded 


Expanded operating temp. 
(—55°C to +85°C) 

No Heat Sink Required 
Stabilization Bake 

(125°C ambient) 
Temperature Cycle 

(—55°C to +125°C) 

Hi temp., full power burn in 
(100% power, 125°C case 
temp.) 





PICO also manufactures over 850 
standard DC-DC converters and over 
2500 ultra-miniature transformers, 
inductors and new AC-DC power supplies. 


Delivery— 
stock to 
one week 





453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 


Call Toll Free 
IN NEW YORK CALL 914-699-5514 
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Complete transformers in SMD technology: 


When we give you a hand, 
there are brains behind It 
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Users who don’t want things done 
by halves opt for system solutions, 
like our complete transformers in 
surface-mount technology. 

What we offer in a system ranges 
from individual consulting to the 
development and fabrication of a 
custom product. And it includes 
optimal packaging in blister 
packs or stick magazines that can 
go straight onto an automatic 
placement system. 
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No matter how specialized your 
needs are, we can supply the ideal 
system solution — consulting, devel- 
opment; fabrication and packaging 
concept all from a single source. 


Whether the application is in con- 
sumer electronics, in telecoms or 
power supplies, we use high-grade, 
high-performance ferrite materials 
to ensure optimal transformer 
features. Features that you get 

in our complete transformers and 
with our extensive selection of 
assembly kits: cores, clips, cover 
caps and coil formers of specially 
temperature-hardened plastics. 
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A19100-PR208-X-X-7600 


So when we give you a hand, 
there’s system behind it, and a lot 
of brains too. 


Write us at the following address to 
find out more about our complete 
transformers in SMD technology: 


Siemens Matsushita Components 
GmbH & Co. KG 

Marketing Communication 
Balanstrasse 73 

D-8000 Munich 80 

quoting “SMD transformers” 


The components make it - 
Siemens Matsushita Components 
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The flexibility of high-density 
PLDs makes them attractive 

in many applications, but the 
lack of a universal yardstick 

for comparison makes it diffi- 
cult to find the best choice 
for your application. 








lure of programmable 
: aaa The tech- 





Doug Conner, Technical Editor 
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The great flexibility of PLDs that works 
for you in a design works against you 
when you are trying to nail down just 

what each product can do. 


delays, although most will be 
shorter.” 

The company wants to give the 
specification the conservative feel 
of worst case without living up to 
the real meaning. The specification 
should read “typical,” which is the 
only way a designer can safely use it. 

Most high-density PLD specifica- 
tions aren’t misleading. 
But they don’t go a long 
way toward helping you 
answer two of the three 
most important ques- 
tions—will my design fit 
on the chip and how fast 
will it run. The third 
question, how much does 
it cost, manufacturers 
can clearly answer. 

The best way to choose 
the optimum high-den- 
sity PLD would be to try 
your design on all of them 
and see how they per- 
form. However, with 
more than a dozen archi- 
tectures to choose from 
and multiple chips within 
most architectures, the possibility 
of trying your design on each one 
isn’t practical. The disturbing fact 
is, you may be unable to choose the 
optimum PLD architecture for your 
application. 

Help for choosing the right archi- 
tecture is on the way in two forms, 
but it may take a while to arrive. 
The first development that may 
prove helpful is a set of benchmark 
circuits that will show the speed 
and comparative capacity of differ- 
ent high-density PLDs. A total of 
seven PLD and PLD-tool compa- 
nies are in the process of founding 
a nonprofit corporation for develop- 
ing and regulating the benchmarks. 
The benchmarks will give users a 
quantitative measure of how the 
chips perform when programmed 
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for various functions, such as count- 
ers and accumulators. The percent- 
age of the chip consumed for these 
functions and the speed at which 
the device runs will give a far better 
measure for comparing PLD per- 
formance than is currently possible. 
Expect to hear more on bench- 
marks as the effort gets underway. 





The need for I/O pins often grows with the logic available on the 
chip. A large device such as Actel’s 1280, rated by the company at 
8000 equivalent gates, is available with 176 pins in a pin-grid-array 
package. 


The other helpful development is 
in software tools that let you try 
your design on multiple chips. In 
December, Neocad released some 
software tools that let you design 
independently of a target device. 
After you’ve entered your design, 
the software can automatically gen- 
erate programming information for 
the target device you choose. The 
tools accept inputs from many of the 
design-entry tools already available 
and outputs the program data for 
the PLD. The software should be 
a step in the right direction, but 
the initial release only supports 
Actel and Xilinx products. 

Until a better solution comes 
along, you need to learn what you 
can about the available devices to 
make an informed decision, even if 


you can’t necessarily choose the op- 
timum chip. When you start to nar- 
row your search, there are a few 
objective specifications that may 
help (see Table 1). 

The storage method used on a 
PLD may not seem critical, but the 
implications may be important to 
your application. Storage methods 
brake down into three 
main categories: one- 
time-programmable, eras- 
able, and volatile memory. 

One-time-programma- 
ble and erasable PLDs 
usually have a design se- 
curity bit you can set that 
makes it difficult for 
someone to copy your de- 
sign. Volatile-memory- 
based devices don’t offer 
security because you al- 
ways have to load them 
from some nonvolatile 
source, either an adja- 
cent PROM or a nonvola- 
tile-ememory source con- 
nected to a computer that 
loads the device. 

One-time-programmable devices 
typically offer a long operational 
lifetime after programming. Some 
erasable devices only guarantee the 
programming for 10 to 20 years, de- 
pending on storage and operating 
temperatures or other factors. If 
extremely long life is important, 
look for the fine print or ask the 
chip vendor exactly what the life- 
time is. 

Erasable PLDs, which let you try 
again and again until you get your 
design right, are usually specified 
for at least 100 write-erase cycles. 
If developing your design involves 
many unsuccessful cut and try at- 
tempts, you may find it less embar- 
rassing to use an erasable or vola- 
tile memory-based device and avoid 
creating large stacks of useless 
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one-time-programmable devices. 

The infinite ability to re-program 
volatile-memory-based PLDs may 
be a nuisance because you need to 
load the memory every time power 
is interrupted. Or, re-programming 
may be a feature you can’t live 
without. 

For example, Quickturn (Moun- 
tain View, CA) uses volatile-mem- 
ory-based chips to emulate ASICs. 
The company has developed soft- 
ware that converts the internal de- 
sign of an ASIC into a program for 


High-Density PLDs 


a system containing a large number 
of Xilinx 3090 devices. The product 
wouldn’t be possible without infi- 
nitely re-programmable devices. 

Volatile-memory-based parts 
might also be an advantage if you 
want to be able to update a system 
in the field, either using a new 
PROM or. software updates if the 
device program is loaded by a com- 
puter. 

If your circuit needs to operate 
off battery power, you may be able 
to narrow your search further. Most 





of the chips listed in Table 1 have 
a standby current rating higher 
than 100 mA or lower than 10 mA. 
Some are lower than 1 mA. 

You should note two things about 
the standby current rating. First, 
for some devices, standby current 
is just the rating when no inputs 
are changing state (usually speci- 
fied at inputs of supply voltage or 
ground), and output loads are zero. 
For other devices, a standby state 
is a special state and reactions to 
changing inputs may not be as fast 


Table 1—Representative high-density PLDs 
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2. Alternate sources are not necessarily for products listed. 


_ 3. EE=Electrically erasable. 
4, UV=Ultraviolet. 
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7 $17.90 
($20.40). 
Yes $57 Low-power version 
($71.50). 






Low-power version 













Folded NAND structure. 
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A logic cell on a large-granularity de- 
vice is equivalent to many more gates 

than on a small-granularity device. 
The end effect is more potentially us- 


as when the device is fully powered. 

Second, power consumption 
when the device is operating with 
many of the gates changing state 
at 25 MHz may increase signifi- 
cantly over the standby power rat- 
ing. To reap the benefits of low 
standby current, you need to oper- 
ate devices at low clock rates or 
have periods of low clock-rate op- 
eration. Manufacturers’ data sheets 
show how to compute the device 
current requirements when oper- 
ating. 


Support for clocking requirements 


Another possible way to narrow 
your search is to examine the avail- 
able clock options. Table 1 divides 
the clocks into system or global 
clocks and asynchronous clocks. 

A system clock typically means 
a clock input that fans out to all 
registers. In the case of Atmel ATV 
5000, the system clock has been 
partitioned so that each clock is dis- 
tributed to a portion of the device. 
A system clock usually has a rela- 
tively low-propagation time and low 
skew, but that varies with the par- 
ticular chip architecture. 

The term asynchronous clock as 
used for Table 1 indicates the abil- 
ity to have individual registers use 
a different clock for complete flexi- 
bility. You can define all asynchro- 
nous clocks to have the same input 
conditions, and in effect make them 
system clocks, although skew and 
propagation time may suffer. 

If you will be using the PLD for 
a completely synchronous design, 
then one or perhaps a few system 
clocks are all you need. If you'll be 
performing some asynchronous 
clocking operations, you'll need to 
restrict your choices to devices that 
provide that capability. Although 
not shown in Table 1, some devices 
provide only a common set and clear 
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able gates go to waste. 


control for registers. Others give 
you the option of setting and clear- 
ing registers individually. 

Discussing comparative features 
of devices is reasonably objective. 
But, when you try to compare PLD 
architectures, the task becomes 
considerably more subjective. You 
can, for example, count the number 
of logic cells in two devices, but de- 
ciding what the numbers mean 
when you are dealing with two dif- 
ferent types of logic cells is very 
difficult. Until benchmarks or bet- 
ter methods of evaluating designs 
become available, trying to sort out 
architectural differences and what 
they mean to you may be your 
best bet. 

All high-density PLDs operate as 
a group of logic cells with program- 
mable connections between the 
cells. Many high-density PLDs let 
you program both the logic-cell con- 
nections and some of the functions 


performed within the logic cells, 
rather than just connecting the 
logic cells. In addition, some devices 
offer more than one type of logic 
cell. Depending on the logic func- 
tions performed in each cell, you | 
can assign architectures different 
granularities. 

The ERA60100 from Plessey has 
the finest granularity, with each 
cell consisting of a 2-input NAND 
gate. A logic cell can also function 
as a transparent latch and two logic 
cells can function as a flip-flop. A 
series of local, short-range, and 
long-range interconnects provide 
signal routing among the 2500 logic 
cells on the chip. Programming the 
chip requires 27,320 bits of data, 
giving a rough measure of the flexi- 
bility of the device. : 

The CAL1024 from Algotronix 
also uses 2-input logic cells that can 
function as latches. Instead of just 
the NAND function, the logic cell 


vO PIN | 


CLOCK 





Fig 1—The generic components of simple sum-of-products logic cells include wide program- 
mable-AND gates feeding into an OR gate. Additional product terms may be used to control 
preset, reset, output enable, clocks, and other functions in the logic cell. All product terms 


are fixed in this example. 
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can perform any function of two 
Boolean variables. The device pro- 
vides two global signals, but other 
than that each logic cell connects 
only with its four nearest neighbor 
cells. The architecture of this device 
is best suited to regular logic struc- 
tures, such as a shift register where 
the lack of medium- and long-range 
connections is not a drawback. 

As you move up in granularity 
you come upon Actel’s Act 2 family, 
which has logic cells that accept as 
many as seven inputs. The logic 
cells can perform any Boolean func- 
tion of two variables, most of three 
variables, and some functions as 
high as seven variables. Actel rates 
its A1280 device with 1232 logic 
modules at 8000 usable gates, which 
they claim has the same logic capac- 
ity as a masked gate array with 
8000 usable gates. Although the 
claim might be contested by some 
of Actel’s competitors, the A1280 
appears to have the largest logic ca- 
pacity of any high-density PLD cur- 
rently in production. With approxi- 
mately 750,000 programmable anti- 
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fuses, the A1280 provides the 
most programmable connections of 
any PLD. 

Quicklogic, a relatively new com- 
pany, is shipping its first product, 
the QL8x12, which contains 96 logic 
cells. Each logic cell accepts as 
many as 14 inputs and performs any 
Boolean function of three variables 
and some to 14 variables. The com- 
pany claims both high-speed and 
flexible logic capabilities. An exam- 
ple circuit on a portion of the chip 
is a 16-bit counter that can be 
loaded or operated at more than 100 
MHz. The chip has about 76,000 
programmable antifuses and is 
rated by the manufacturer as 
equivalent to a 1000-gate masked 
gate array. 

Still higher in granularity is the 
Xilinx 4000 family. The company’s 
5000-gate 4005 is the largest mem- 
ber of the family currently ship- 
ping. Each logic cell in the 4000 
family has two 4-input function gen- 
erators, which can feed into two flip 
flops, be output directly, or com- 
bined to generate larger functions. 


tative sum-of-produ 


The 4000 family has a feature 
unique among PLDs in that you can 
use the function generator directly 
as RAM. 

At the highest level of granular- 
ity you find the sum-of-products ar- 
chitectures. These devices typically 
use programmable, wide-input 
AND gates that feed into fixed- or 
variable-input OR gates (Fig 1). Al- 
though the basic structure of the 
sum-of-products devices may be 
similar, don’t dismiss them as all be- 
ing the same. There is considerable 
variation in device flexibility. 


Sum-of-product architectures 


Table 2 contains data on product 
terms and how they are distributed 
within the devices that use sum-of- 
products architectures. The range 
of product terms possible in a logic 
cell (typically referred to as a 
macrocell in these devices) gives 
some idea of the flexibility of a par- 
ticular device. If you can’t get 
enough product terms in one logic 
cell, you'll pay a time penalty to cas- 
cade multiple logic cells. 
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When comparing high-density PLDs, 
it’s a good idea to include the soft- 
ware in your comparison. 


Most sum-of-products devices 
have some method to redistribute 
product terms. Therefore, those 
logic cells needing many product 
terms can get them, and those that 
don’t need many don’t have to 
waste them. The three methods of 
distributing product terms are 
fixed, allocated, and shared (see 
Fig 2). 

Fixed product terms are locked 
to the input of an OR gate and can- 
not be redistributed. You can pro- 
gram allocated product terms to one 
of two or more logic cells. Product 
term allocation gives you more 
flexibility than fixed terms, but not 
as much as shared terms. With allo- 
cated product terms, two logic cells 
that need identical product terms 
will waste an extra product term 
to generate the same data twice. 
Note that when product term allo- 
cation is used, you can’t have the 


maximum number of product terms 
going to all logic cells. For each cell 
receiving greater than the average 
number of product terms, another 
logic cell, usually an adjacent one, 
must receive less. 

Shared product terms give you 
the most flexibility, requiring you 
to generate a specific product term 
only once. Because each logic cell 
should have some independent 
product terms, you'll usually see a 
few fixed product terms in addition 
to shared terms. The most flexible 
case of shared product terms is a 
programmable AND array that 
feeds into a programmable OR ar- 
ray, as used on National Semicon- 
ductor’s MAPL144 array. 

An interesting variation is the 
use of an XOR gate after the OR 
gate on Altera’s logic cells (Fig 3). 
The XOR gate lets you invert the 
logic for active-high or active-low 


)M PREVIOUS” 


logic applications. It also lets you 
apply de Morgan’s theorem to use 
the large number of product terms 
for a wide sum. 

You'll note from the data in Table 
2 that some devices devote more 
product terms to secondary control 
functions than others. Typical uses 
of secondary product terms are for 
controlling register presets, clears, 
and clocks. The extra secondary- 
function product terms either pro- 
vide flexibility that you may need, 
or wasted gates if you don’t need 
them. It just depends on your appli- 
cation. ; 

Another variation on sum-of- 
products architectures is the regis- 
ters in each logic cell. Most have a 
single register per output logic cell, 
but Atmel’s ATV 2500 and 5000 
products offer two registers so that 
in some cases you can do the work 
of two logic cells with one. 





Fig 2—Product-term allocation or sharing provide flexible alternatives to fixed product terms in sum-of products architectures. Product- 


term allocation (a) typically lets you switch product terms in 
from logic cells that need fewer. Product-term shari 


than one sum. 


groups of four so that logic cells needing more product terms can take them 
ng (6) lets you use fewer product terms in a device by using a product term in more 
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A large-granularity product that 
doesn’t really fit into the sum-of- 
product architecture is the folded 
NAND array from Signetics (Fig 
4). The PML2552 uses 96 NAND 
gates that fold back on themselves 
with 258 inputs on each gate to gen- 
erate any combinatorial functions. 
Additional wide-input NAND gates 
drive latches and flip flops for se- 
quential logic. 


Implication of device granularity 


Trying to make comparisons of 
the architectures is difficult. Logic- 
cell granularity can at least help you 
gain an intuitive appreciation for 
logic flexibility vs performance. 

_ Fig 5 shows a hypothetical com- 
parison of the relative spread be- 
tween the maximum possible gates 
in a particular PLD and the mini- 
mum usable gates if you were to 
try to use the device for many dif- 
ferent circuits. The curve in Fig 5 
is not based on real data and, obvi- 
ously, the designs that result in the 
minimum usable gates are those for 





Fig 3—Using an XOR gate after the sum-of-products lets the Altera Max family change 
between active-high and active-low logic. Among other things, being able to invert the active 
state lets you use de Morgan’s theorem to create wide sum terms from wide product terms. 
Some manufacturers provide an inversion select at the output of the logic cell, which provides 


a similar capability. 
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which the particular PLD is poorly 


LR 


High-Density PLDs 











16 
INPUT 
FLIP-FLOPS 


“weurs 






PROGRAMMABLE 
INTERCONNECT 







16 
OUTPUT 
FLIP-FLOPS 


FOLDED 
NAND 
ARRAY 







20 
FLIP-FLOPS 


Fig 4—A folded NAND array is the basic building block of the PML2552. Ninety-six NAND 
gates with 258 inputs make up the basic logic element. Additional wide NAND gates drive 
the flip-flop inputs. The device provides flexible product sharing. 


suited. The figure shows the rela- 
tive differences between a fine- 
granularity device and another 
large-granularity device. 

Assuming that both devices have 
the same maximum number of us- 
able gates, the finer-granularity de- 
vice should show a higher mini- 
mum-usable-gate number. The dif- 
ference in minimum-usable gates 
happens because a simple function 
may consume a logic cell on both 
the large-granularity device and the 
small-granularity device. A logic 
cell on a large-granularity device is 
equivalent to many more gates than 
on a small-granularity device. The 
end effect is that more potentially 
usable gates go to waste. 

For example, consider a design 


Z=L,D=A+B-C 
Z=H,D=A+B+C 
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that uses a large shift register. 
Most large granularity logic cells of- 
fer one register per cell (a few offer 
two). The smaller granularity de- 
vices can still perform the shift reg- 
ister in one logic cell (some will re- 
quire two), yielding much better ef- 
ficiency for a shift-register type of 
circuit. The large-granularity de- 
vice has many combinatorial gates 
that just go to waste in the case of 
a shift register. When a design uses 
a more balanced set of combinato- 
rial- and sequential-circuit ele- 
ments, the large-granularity de- 
vices show better gate utilization. 
In general you should try to find 
a high-density PLD where the logic 
you will be implementing will effi- 
ciently use the resources of most 
of the logic cells. Although efficient 
use of logic cells might point unani- 
mously in favor of the smaller 
granularity products, the situation 
isn’t quite that simple. Balancing 
the potentially low usable gates on 
the large granularity products are 
the potential disadvantages of the 
small granularity products. 
Small-granularity devices need to 
have many possible interconnects 


High-Density PLDs 


Oo 
2 
_¢ 
16 
2 ig 
a 
kw 
oO 
Oe 
2 





 SMALL-GRANULARITY DEVICE _ 


Fig 5—If you were to try many different designs on two PLDs with an equivalent number 
of maximum usable gates, one with large logic-cell granularity and another on a device 
with small granularity, you'd probably come up with something similar to the two hypo- 
thetical curves shown. Although the shape of the distribution is unknown, the smaller- 
granularity logic cells should show less variation in equivalent gates due to their greater 


flexibility. See text for further explanation. 


between the numerous cells. An in- 
sufficient number of interconnects 
is always a concern on small-granu- 
larity products. The interconnect prob- 
lem may require manual intervention 
in the place and route task to con- 
nect a circuit or to enhance speed 
if automatic place and route was 
successful, but the circuit ended up 
too slow. Some device architectures 
offer considerably more intercon- 
nects than others, easing the problem. 


Another potential disadvantage 
of devices with small granularity 
logic cells is the possibility of low 
speed for circuits with wide-input 
functions. To some extent, you can 
counter the problem by careful de- 
sign. 

For example, to evaluate when 
a 16-bit-wide down counter reaches 
zero, you'd cascade the gates so 
that the LSB is evaluated at the 
last stage (Fig 6). 





Fig 6—PLDs with small-granularity logic cells are often at a disadvantage when dealing with wide imputs because they require multiple 
levels of logic which cause longer propagation delays. Careful attention to design details can sometimes reduce or eliminate the disadvantage. 


Consider a circuit that evaluates the outputs of a 16-bit down-counter to determine when it 


two levels of logic delay using a logic cell capable of crea 


has reached zero. You can design a circuit with 
ting a 4-input OR function (a). With the same logic cell you can also design the 


circuit so that the down-count to zero is evaluated with only one logic-level delay, even though the overall circuit has three levels of delay (6). 
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In December, 1991, 
Actel Corporation shipped its 
millionth Field-Programmable 
Gate Array. 

We couldn't have done it 
without the contributions of 
our employees, partners, sup- 
pliers, sales representatives, 
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distributors, and most of all, our 
valued customers. 

To those hundreds of people 
whove helped make Actel 
advanced FPGA technology the 
emerging industry standard in 
speed and capacity, one word. 


Thanks. 
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For information on Acctel’s 
best-selling FPGA technology, 
call 800-228-3532. 
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Xilinx has relatively large-granu- 
larity logic cells, although they are 
still small in comparison with the 
logic cells of many sum-of-products 
architectures. To improve the 
speed of wide decoding operations, 
the company’s 4000 family has six- 
teen 40-bit-wide programmable de- 
coders that can generate a decode 
in 10 nsec. 

The fast, wide decoders are a spe- 
cific example of a general trend for 
manufacturers to enhance perform- 
ance in their evolving architectures 
by adding new logic cells or new 
functions to old cells. A further 
example is fast carry logic on Xilinx 
4000 devices and on the FPGA2020 
from Pluslogic. 

When comparing high- -density 
PLDs it’s a good idea to include the 
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Manufacturers of high-density PLDs 


For more information on high-density PLDs such as those described in this article, circle the appropriate nutans 
_ on the Information Retrieval Service card or use EDN’s Express Request service. When you contact any of the efolowing | 
: Sey please let them know you saw their products 1 in EDN. _ 


_ Cypress Semiconductor 


Exemplar Logic _ 
2550 9th St, STE 102 
Berkeley, CA 94710 
(415) 849-0937 : 
FAX (415) 849-9935 | 
Circle No. 657 


High-Density PLDs 


software you'll be using with that 
product and not just limit the com- 
parison to the devices. Many of the 
devices let you use third party soft- 
ware tools for design entry, includ- 
ing schematic capture from major 
CAE vendors and design tools com- 
monly used on low-density PLDs. 
Some PLDs may only be supported 
by the company’s proprietary tools. 
For a rundown on PLD design en- 
try and development tools, see 
Ref 2. 

If you are accustomed to design- 
ing with low-density PLDs and us- 
ing text-based design tools for 
Boolean equations or state-machine 
descriptions, you'll find you can use 
the same or similar tools for high- 
density PLDs. You might feel more 
at home with the sum-of-products 
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(408) 438-2900 
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Pluslogic 


Algotronix Ltd Intel Corp 1225 Parkmoor Ave 
Technology Transfer Centre 3065 Bowers Ave San Jose, CA 95126 
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architectures that often let you de- 
sign as though you were using mul- 
tiple small PLDs with programma- 
ble connections. 

If you are accustomed to design- 
ing at the schematic level, most 
high-density PLD families can pro- 
vide macro libraries that let you 
make the transition from ordinary 
design with 7400 series TTL logic 
relatively easy. Don’t just ask if the - 
vendor provides a macro library, 
but take a good look at the building 
blocks you’ll be designing with. 
Some vendors have a richer supply 
of macros than others. Noting how 
many logic cells are consumed by 
each macro function may give you 
a good idea of the logic capacity of 
a particular device family. Note also 
that as a company’s device architec- 
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ture changes, so too might their 
macro library. 

Creating your logic design is only 
half the battle. Next you have to 
assign the logic to specific logic cells 
and determine the connections. The 
software that performs these func- 
tions are typically called fitters and 
place and route tools. Although 
automatic tools are available to per- 
form the fit, place, and route func- 
tions, there are some differences 
both in the quality of the job they 
do and in the speed. The speeds can 
vary from a few minutes on some 
architectures to an overnight com- 
puter run on others. 

The differences in the place and 
route operation may stem from 
variations in the quality of software 
or the flexibility of the architecture; 
most likely both. Many sum-of- 
products architectures provide uni- 
versal array interconnects where 
any logic you can fit in the logic 
cell can be easily routed. Routing 
on these devices typically takes a 
few minutes on most computers. 
More complex connection schemes 
take longer. 

As soon as high-density PLD 
companies finish working on device 
performance benchmarks, they 
might consider some place and 
route benchmarks. It’s another 
hazy subject for a potential high- 
density PLD user. 


Stepping into the future 


High-density programmable logic 
is seeing considerable growth right 
now, both as new product an- 
nouncements from existing PLD 
companies and from new companies 
entering the high-density program- 
mable logic business. Devices cur- 
rently in development will more 
than double current logic capacity 
to around 20,000 gates. If all goes 
well, some of them might even be 
sampling by the first quarter of 
1992. 
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However, you should be careful 
about using soon-to-be-available 
chips in your design. As is the case 
with many highly competitive elec- 
tronic products, getting them to 
market as soon as possible is of 
paramount importance to the manu- 
facturer. Unfortunately sometimes 
everything but the product makes 
it to market—the specifications, a 
delivery date, quantity pricing— 
but no silicon. 

An example is the PA7040 from 
International CMOS Technology 
(San Jose, CA). The September 28, 


If the chip company 
can’t supply a real de- 
vice and a data sheet 
to match it, you prob- 

ably should not con- 

sider the device for 
your design. 


1989 EDN article “PLD architec- 
tures require scrutiny” (Ref 1) 
listed the product in a table noting 
that the manufacturer said the 
product would be available in the 
first quarter of 1990 and gave a 
price. The PA7040 is now scheduled 
to be available in the second quarter 
of 1992. Waiting more than two 
years for a part in your design will 
probably kill your project, if not 
your company. 

ICT is by no means the only com- 
pany to have ever done this: Many 
IC companies that give price and 
delivery dates before the product 
is in production end up being late 
with the product. Some ICs, such 
as complex microprocessors, often 
need lots of pre-release information 
So you can build a system around 
them and be ready to ship your 
product when the first chips come 


out of production. The whole con- 
cept around programmable logic is 
to have a flexible architecture that 
is quick and easy to put your circuit 
design into. If the chip company 
can’t supply a device and a data 
sheet to match it, you probably 
should not consider the device for 
your design. 

Companies should let you know 
what their future directions are. 
You also need to know that the com- 
pany plans to continue the product 
line and what improvements they 
are working on. Just be sure you 
separate today’s real silicon from to- 
morrow’s promise. 

Be extremely careful when an IC 
company compares its product with 
a competitor’s. In a lot of literature, 
the comparisons are often today’s 
products against the competitor’s 
older generation product. Even 
worse, Some comparisons are of to- 
morrow’s products against what the 
competitor delivers today. When- 
ever a competitor’s product makes 
a poor showing, you’d best give 
the competitor a chance to defend 
himself. 
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Our DSP development tool kit hammers 
the competition on periormance. 
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And at $499 itnails them on price. 


Granted, that’s a pretty tough statement. But it wouldn’t be made if it couldn't be backed up. 

Our EZ-KIT is a complete package, with everything you need to define, code, debug, evaluate and demon- 
strate your DSP design, yet it costs about half of what the nearest competitor demands for equivalent tools. 

To help get your design to market even faster, we’ve made the EZ-KIT the 
easiest kit to use. Its comprehensive Applications Textbook contains a full library 
of source code, while the algebraic assembly language lets you code your DSP 
algorithms just the way you would write them. Plus the kit includes a simulator 
for debugging, and an EZ-LAB™ Evaluation Board that 

lets you test your code in real time at 12.5 MIPS. De anteonaae Board 


with preprogrammed demos, 


, Now, if all that’s not enough to hammer the compe- _ and microphone and speaker 

— jacks; software which in- 
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DSP processors, so programs you develop with the EZ-KIT can be easily ported source code; and a discount 
coupon for our 3-day System 
and used on your next design. Programming and Develop- 
ment workshop. 


The low cost and high performance of our EZ-KIT opens the possibility of 
using DSP to a whole new range of applications - even yours. For more informa- ANALOG 
tion, or to charge a kit by phone, call us at (617) 461-3771. DEVICES 


Analog Devices, One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106. Distribution, offices and applications support available worldwide. 


Authorized North American Distributors: Alliance Electronics 505-292-3360 * Allied Electronics 817-595-3500 * Anthem Electronics 408-453-1200 * Bell Industries 213-826-6778 
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most sophisticated form. = 










Welcome to life in the fast power for embedded applications. 
M, lane. We hope you can Of course, just because the i960 CA pro- 
handle the pace, because cessor is sophisticated doesn’t mean it’s hard 
there is no stopping the to use. Quite the contrary. Its highly inte- 


i960” CA RISC microprocessor. grated design with Bus, Interrupt and DMA 

It not only delivers the highest level of controllers all on-chip makes it easier to design 
system throughput, but it’s also the only with and increases its cost-effectiveness. 
superscalar processor that delivers high And while the i960 CA processor may be 
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Of CMOS PLDs. 


Let your fingers do the you-know-what 
through our PLD databook, and see what we 
mean. In it you'll find everything you'll ever need 
ina CMOS PLD. Available now and in quantity 
from AMD. 

Which shouldn't surprise you, coming from 
the undisputed leader in programmable logic. 
After all, we invented the PAL’ device and the 
22V10, and established them as industry stan- 
dards in programmable logic. In fact, we sell more 
programmable logic devices than all of our 
competitors combined. 

What's more, we offer the widest variety of 
CMOS PLDs of any vendor. Everything from our 
high speed, high density MACH™ Family, to low 
density commodity parts. Even PLDs for 
specialized applications. 

All of which are supported by the design, test, 
and programming tools you're already familiar 
with, through our FusionPLD” program. 

Our new Submicron Development Center 
in Sunnyvale represents our commitment to 
innovation and performance in CMOS tech- 
nology. That's where we continue to develop 
CMOS PLDs with the highest systems 
performance. 

In short, everything from A to Z in CMOS PLDs 
is always right at your fingertips. So reach for 
your AMD databook, and place an order today. 
Contact your local sales office, listed below. 





Advanced Micro Devices ¢ 


901 Thompson Place, P.O. Box 3453, Sunnyvale, CA 94088 © 1991 Advanced Micro Devices, Inc. 

PAL is a registered trademark, MACH is a trademark, and FusionPLD is a service mark of Advanced Micro 
Devices. All brand or product names mentioned are trademarks or registered trademarks of their 
respective holders. 


For more information write "CMOS PLDs’ on your letterhead and mail to, in Europe: AMD Mail 
Operations, PO. Box 4, Westbury-on-Trym, Bristol BS9 3DS, United Kingdom; in Asia: Advanced Micro 
Devices Far East Ltd., Rm. 1201-2 Harcourt House, 39 Gloucester Road, Hong Kong; in Japan: AMD 
Japan Ltd., Shinjuku Kokusai Bldg., 6-6-2 Nishi-Shinjuku, Shinjuku-ku, Tokyo 160, Japan. 

International Sales Offices: Antwerpen (03) 248 43 OO; Frankfurt area (06172) 24061; Hong Kong 
86 54 525: London area (0483) 740440: Manchester area (0925) 828008; Milano (02) 3533241; Munchen 
(089) 4114-0; Osaka (06) 243-3250; Oslo area (03) 010 156; Paris(1) 49 75 10 10; Seoul (02) 784-7598; 
Singapore (65) 348 1188; Stockholm (08) 986180; Taipei (02) 721-3393; Tokyo (03) 3346 7550. 
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10-BIT ANALOG-TO-DIGITAL CONVERTER 





SO easy-to-use, it opens a new window 
of software programmability, 


m@ Key Features 


¢ Single +5V or +5V operation 
* 33mW power consumption at 5V 
_ © 166KHz sampling rate (10-bit plus sign) 
@ Software-Programmable Functions * On-board 2.5V voltage reference 


Conversion speed/resolution - Sample-and-hold 


_ —4.4us max at 10-bit plus sign | © 0-5V input with 5V supply 
~ 3.2 us max at 8-bit plus sign _ | + -5V to +5V input with +5V supply 

_ Multiplexer Output Data Format _—i|_- Ratiometric or absolute voltage measurements 
— Single-ended — Left or right justified | «© +1.5LSB total unadjusted error. 
PRUE oh _| » Guaranteed no missing codes over temperature 


— Pseudo-differential | ve per | 
* ADC 10154 - four input channels  ~=—=—hErer—eSEe 


* ADC 10158 - eight input channels _ oo 
m ADC10158 Block Diagram nel 





Sesoes aes 











Introducing the put data format. All with just a 
industry's first software- fw easy keystrokes. However Our lines are open. 
prosramimable 10-bit ADC. «MC vhenever you dike For fi ennai: 
Fs A : eee oe or free samples and datasheets, 
| Which means you get “on call: 1-800-NAT-SEMI, Ext 145. 
Simply put, our latest the-fly’’ optimized system per- Or, fax: 1-800-888-5113. 
ADCreation — the ADC10158 — formance, while consuming just 
is Open to suggestions. 33mW of power. 
Now you can change your It also means that — now — | 4 
conversion speed, reconfigure you can put design flexibility at 7} National 
your mux, or adjust your out- your fingertips. 


NORTH AMERICA: PO. Box 7643, Mt. Prospect, IL 60056-7643 (Tel: 1 800 628 7364, ext. 145; Fax: 1 800 888 5113); EUROPE: Industriestrafge 10, D-8080 Fiirstenfeldbruck, Germany 
(Tel: 49 8141 103 0; Fax: 49 8141 103 515); HONG KONG: 15th Floor, Straight Block, Ocean Center, 5 Canton Rd.,Tsimshatsui, Hong Kong (Tel: 852 737 1600; Fax: 852 736 9921); 
JAPAN: 4-15, Nishi-shinjuku, Shinjuku-ku, Tokyo, Japan 160 (Tel: 81 3 3299 7030; Fax: 81 3 3374 4303). 


94 CIRCLE NO. 54 EDN January 2, 1992 





Design Feature 


C++ has C’s 
familiarity and 


OOP capability 





C++ adds a host of new features to C, 
including object-oriented programming 
(OOP) abilities. If you program in C, you 
can use these features without having to 
learn a whole new language. 


George Ellis, Industrial Drives 


The C programming language is popular with engi- 
neers for a couple of very good reasons: C code is 
efficient, and it gives the programmer direct control 
of the computer. C+ + maintains C’s power and effi- 
ciency, yet adds object-oriented programming and 
other features that you can use without learning a new 
language. In addition, you can recompile your existing 
C programs in C+ + with few changes, and you can 
link to compiled C programs and libraries without any 
changes at all. 

The most important feature of C+ + is its object- 
oriented programming ability. OOP offers the benefits 
of flexible data structures, reusable code, and opera- 
tors for nonstandard data types. 

For engineers who use C for scientific programming, 
operators for nonstandard data types may be C+ +’s 
most important feature. When you define a data type 
(matrix, for example), you can also define the effects 
of operators (such as * and /). If you write programs 
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that manipulate nonstandard data types, such as matri- 
ces and complex numbers, this capability can be very 
useful. 

Before delving into all of C+ +’s object-oriented fea- 
tures, however, you might want to consider the lan- 
guage’s other features that, as a C programmer, you 
can use immediately. These features include: 

@ improved dynamic memory allocation 
single-line comments 
passing references 
overloading functions 
default values 

@ in-line functions. | 
Each of these features either adds convenience to stan- 
dard C, or lets you avoid a peculiar characteristic of 
the language. As a group, they let you make your 
programs more readable, and thus easier to write, de- 
bug, and explain. 


Improved dynamic memory allocation 

Dynamic memory allocation in standard C uses mal- 
loc() or one of malloc()’s variations. For example, if 
you want to allocate space for an array of x integers, 
you might write 


int *dynamic_int; 
dynamic_int = (int *)malloc(x*sizeof (int) ); 


Notice that you must cast the return value of malloc() 
as an integer pointer, because malloc() returns a void 
pointer. Also, you must manually declare the size of 
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C++ maintains C’s power and efficiency, 
yet has object-oriented programming and 
other features that you can use without 
learning a new language. 


the variable being allocated (in this case, by using 
sizeof), because malloc() allocates memory in bytes. 

In C++, you can use the operator new instead of 
malloc(). For example, 


int *dynamic_int; 
dynamic_int = new int[x]; 


You do not need to cast the return value of new because 
new itself returns the appropriate type (in this case, 
an integer pointer). The operator new also determines 
the size of the variable type being allocated, making 
the sizeof operator unnecessary. 


Single lines for short comments 


C+ +’s provisions for including comments in code 
retain the standard C comments and also let you use 
“//? to designate a comment that runs no farther than 
the end of a line. For example, 


/*This comment works in both C and C++ */ 


//This comment works in C++. 


The “//” is convenient for short comments. The stan- 
dard C markers are probably better for long comments. 

Another C+ + improvement involves function argu- 
ments. In standard C, arguments of functions are 
passed by value, not by address; if you need a function 
to change the value of a variable, you must pass a 
pointer to that variable. C++ lets you pass refer- 
ences, which are simply pointers in a more readable 
form. Listing 1 shows examples of C and C+ + func- 
tions that change the values of an integer and two 
members of a structure. Notice that the C+ + func- 
tions, Cpp_set_int() and Cpp_set_simple() are more 
intuitive than the standard C functions, C_set_int() 
and C_set_simple(). 

Another C+ + feature lets you overload functions. 
Function overloading means that two different func- 
tions can have the same name if they have different 
“signatures.” A function’s signature is the combination 
of the function’s return type, the number of calling 
arguments, and the type of each calling argument. 

Functions in both C and C+ + have signatures, but 
in standard C, the function prototype defines a unique 
signature for each function name. In C++, several 
different functions can have the same name; the com- 
piler differentiates between the functions by examining 
the signature of the function call. Overloading is par- 
ticularly useful when several functions perform the 
same operation on different data types. 

For example, consider the C+ + program in Listing 
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Listing 1—C and C+ + functions 


struct simple struct{ //define simple structure to 
int n; //illustrate passing references 
double xX; 


Cpp_set_int(int& i, int j); 
C set. inttint..+,° int: 4}% 
Cpp_set_simple(struct simple _struct& simple, 
int n, double x); 
C_set_simple(struct simple _ struct *simple, int n, 
double x); 


void 


void main() 
int i = 0; 
struct simple _ struct simple; 


C_set_int(&i, 1); //set i in standard C by passing a ptr 
Cpp_set_int(i, 2);//set i in C++ by passing a reference 


//set simple in standard 
//C by passing a pointer 


C_set_simple(&simple, 3, 100.); 

Cpp_set_simple(simple, 4, 200.); //set simple in C++ by 
//passing a reference 

} 

void C_set_int(int *i_ptr, int j) 


{ 


*i_ ptr = j; //C requires you to dereference a pointer 


void Cpp_set_int(int& i, int j) 


i }; //C++ lets you pass references for more 
} //readable programs 


void C_set_simple(simple struct *simple ptr, int n, 
double x) 


{ 
simple ptr->n n; 
simple ptr->x XxX; 


) 


//In C, use the -> operator to 
//dereference pointers 


void Cpp_set_simple(simple_struct& simple, int n, 
double x) 

{ 

simple.n 

simple.x 

} 


//In C++, pass references to avoid -> 


2. Three functions have the name average(); each has 
a different signature, because the functions’ calling ar- 
guments are of different types. When the program 
runs, it calls each function once. The output of the 
program is 


Calling the ‘integer’ average... 

average of 1 and 2 is 1.500000 
Calling the ‘float’ average... 

average of 1.0f and 2.0f is 1.500000 
Calling the ‘double’ average... 

average of 1.0 and 2.0 is 1.500000 


C++ also lets you specify default values in a func- 
tion prototype or declaration. If you call a function 
without specifying all the arguments, the unspecified 
arguments contain default values. For example, List- 
ing 3 shows a program that calculates the area of an 
ellipse. The calling arguments are the major and minor 
radii. However, if a program calls the function and 
specifies only the major radius, the minor radius will 
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Listing 2—Function overloading 


#include <stdio.h> 


double average(int first, int second) { 
printf("Calling the 'integer' average()...\n"); 
return( ((double)first+ (double)second) /2.0 ); 
} 


float average(float first, float second) { 
printf("Calling the 'float' average()...\n"); 
return( ((double)first+ (double)second) /2.0 ); 
} 


double average(double first, double second) { 
printf("Calling the 'double' average()...\n"); 
return( (first + second)/ 2.0 ); 


void main() 


{ 
printt (" 
Orante¢™ 


average of 1 and 2 is %1f \n", average(1, 2)); 

average of 1.0f and 2.0f is %l1f \n", 
average(1.0f, 2.0f)); 

average of 1.0 and 2.0 is %*1f \n", average(1.0, 
2.6) 3 


printec® 


} 


take on the default value of 0.0. The function will then 
treat the ellipse as a circle with a radius of the specified 
major radius. : 

So that you can avoid a normal function’s call-and- 
return sequence—along with the associated execution- 
time overhead—C++ lets you declare a function as 
mline. You write source code as you would for an 
ordinary function, but your C+ + compiler generates 
object code that is “in-line,” rather than in a separate, 
callable function. This feature is best for short functions 
(perhaps two or three lines) in which the call-and- 
return overhead of a normal function would be signifi- 
cant compared with the function’s execution time. 

To achieve the result of an in-line function in stan- 
dard C, you would need to use the #define preproces- 
sor command. The square function is an example (Ref 1). 
The C code 


#define square (x) Gai aie) 


can be replaced in C+ + with 


inline double square(double x) (return: (x) * (x) ape 
The C+ + version is more readable, especially for new 
C programmers. 

C++ has features that do much more than add 
convenience and clarity to C. The object-oriented pro- 
gramming capabilities of C++ actually change the 
way you program. It is impossible in a brief space to 
cover OOP thoroughly, so our focus is on what OOP 


can do, rather than on how to use it. 
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Listing 3—Functions with 
default arguments 


double ellipse_area(double major, double minor = 0.0); 


double ellipse_area(double major, double minor) 
{ 
if( minor == 0.0) 
return(2.0 * PI * major * major); 
else 
return(2.0 * PI * major * minor) ; 


} 


void main() 


{ 

printf("Area of ellipse with major radius = 5.0 and minor 
radius = 2.0 = %1lf\n", 
ellipse _area(5.0, 2.0)); 

printf("Area of circle with radius = 4.0 = %1f\n", 
ellipse _area(4.0)); 


} 





An OOP language such as C++ has three basic 
characteristics: 

@ Encapsulation—mixing data and functions into 

one “object” (a structure or class) 

@ Inheritance—the ability to derive new objects 

from old ones 

@ Polymorphism—the support of virtual functions. 

Encapsulation is the most basic characteristic; it is 
the foundation of OOP. Inheritance extends encapsula- 
tion, letting you build new objects from old ones. Poly- 
morphism extends inheritance in order to help you 
write more reusable code. 

Encapsulation lets you organize data and functions 
into one object. The data and functions can have a 
stronger relationship with encapsulation than they can 
without it. With conventional languages, the design 
of functions is usually the fundamental step in develop- 
ing a program. In an OOP language, data and functions 
are so intertwined that the design of objects can be- 
come the foundation of the program. 

C++ has two types of objects: classes and struc- 
tures. They are so similar that they can be used almost 
interchangeably. Both differ from C structures in that 
they can have functions as members in addition to 
data. Member functions belong to objects, and they 
normally manipulate data in their own objects. 

With encapsulation, you can protect both the data 
and function members of objects. There are two main 
levels of protection: public and private. If a data ele- 
ment or a function is public, any function can access 
it; if it is private, only member functions can access it. 

Some form of protection is often necessary in a mod- 
ule to keep functions in other modules (often written 
by different programmers) from improperly manipulat- 
ing data. For example, consider the structures that 
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a OEE 








Instead of forcing you to pass a pointer to 
a variable, C+ + lets you pass a reference, 
winch is essentially a pointer, but in a more 
readable form. 


many C library functions use to store information about 
DOS files. The structure ffblk in Borland C+ + (Bor- 
land International Inc, Scotts Valley, CA) is typical: 


struct..£fbik:-{ 


char ff_reserved[21]; 
char ff attribute; 
int ff time; 

int ff_date; 

long ff_size; 

char ff _name[13]; 


di 


The user should never change the data in ffblk directly; 
Borland C++ provides findfirst() and findnext() to 
change data-member values. 

As an experiment, redesign ffblk in C+ +. The hypo- 
thetical object, cpp_ffblk, will have the same data 
members as ffblk and will protect the data from inad- 
vertent access and manipulation. You can add 
findfirst() and findnext() as member functions. 

The first step in adding member functions is to list 
the function prototype in the object: 


struct cpp ffblk { //nypothetical C[+][+] object 


char ff_reserved[21]; 
char ff_attribute; 
int ff time; 

int ff_date; 

long ff size; 

char ff_name[13]; 


//menmber functions to fill the data members 
int findfirst(const char *pathname, struct ffblk 
*this ffblk, int attrib); 


int 
}3 


findnext (struct ffblk *this_ffblk); 


Notice that the first data member is the character 
string ff_reserved|]. You may have correctly assumed 
that “reserved” implies you should not use or change 
this string. You can revise cpp_ffblk and specify ff_re- 
served[] as private, so that only the two member func- 
tions can access it: 


struct cpp ffblk { 
private: 
//non-member functions cannot access private data 


//add protection for ff_reserved 


char ff_reserved[21]; 
public: 

char ff_attribute; 

int ff_time; 

int ff date; 

long ff size; 

char ff _name[13); 


//member functions to fill the data members 


int findfirst(const char *pathname, struct ffblk 
*this ffblk, int attrib); 
int findnext(struct ffblk *this_ffblk); 


3 


Users should be able to read the remaining data 
members, but not change them. To make a data mem- 
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ber read-only, declare it private and write a public 
member function that returns the data member’s value. 
In the final version of cpp_ffblk, the remaining five 
data members are read-only: 


struct cpp ffblk { 
private: 
//non-member functions cannot access private data 


//protect all data 


char ff_reserved[21]; 

char ff_attribute; 

int ff_time, 

int ff_date; 

long ff _size; 

char ff _name[(13]; 
public: 


//member functions to fill the data members 

int findfirst(const char *pathname, struct ffblk 
*this ffblk, int attrib); 

int findnext(struct ffblk *this_ffblk) ; 


//member functions to make data "read-only" 
char get_attribute() return(ff_attribute) ;}; 


int get_time() {return(ff_time) ;}; 
int get_date() {return(ff_date) ;}; 
long get_size() {return(ff_size) ;}; 
char *get_name() {return(ff_name) ;}; 


de 


Because you have defined and written the five new 
member functions right inside the structure, the com- 
piler will make them inline. 

The constructor and destructor functions of C+ + 
are useful for allocating and deallocating memory. Each 
object can have both a constructor and a destructor 
as member functions. The constructor has the same 
name as the object (for example, ellipse), and the des- 
tructor has the same name preceded by a tilde 
(ellipse). 

Constructors execute anytime space is allocated for 
an object. For example, if you use the new operator 
for dynamic memory allocation, the constructor for that 
object is automatically called. A typical use for con- 
structors is to initialize data members, although you 
can write a constructor to perform any C++ action, 
from printing a message on the screen to opening a 
DOS file. 

In the following object, ellipse, which stores the ma- 
jor and minor radii of an ellipse, a constructor sets the 
radii to zero: 


struct ellipse{ 
double major; 
double minor; 
double area; 


//This is a simple constructor 


ellipse() { major = 0.0; 
minor = 0.0; 
area = 0.0; 


)3 
3 


Now each time space is allocated for an ellipse struc- 
ture, all the data members will be initialized to zero. 
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Destructors offer flexibility for removing objects 
from memory. For example, if a constructor opens a 
DOS file and allocates memory, a destructor can be 
written to close that file and deallocate memory. Des- 
tructors are used less frequently than constructors. 


Define operators for nonstandard data 


Another C+ + feature, operator overloading, makes 
programming easier by letting you define operators 
for your objects. Overloading lets operators invoke dif- 
ferent functions depending on the data types of the 
operands. (You are probably familiar with overloading 
for math operators; in C, the four algebraic operators 
(x, /, +, and —) perform different, albeit similar, func- 
tions depending on whether the operands are long, 
unt, float, double, or char.) 

Operator overloading is especially useful if you fre- 
quently manipulate nonstandard data types. For exam- 
ple, Borland C+ + provides complex.h, a header file 
that defines a complex object type. You use the file 
for complex (as opposed to real) mathematics. Com- 
plex.h includes definitions of several algebraic opera- 
tors for the complex object type and lets you write 
complex math algebraically. For example, 


main() 
complex a, b; 
...-body of program fills a and b with complex numbers 


a /= b; //use overloaded /= operator to calculate 


//a = a/b. 
} 


If you were programming in standard C, the 
a De b; 
would have to be replaced by a function call such as 


a = complex _divide( a, b );. 


Inheritance derives new objects from old 


The second major characteristic of OOP is inheri- 
tance. Inheritance lets you derive new objects from old 
ones; its purpose is to help you write reusable pro- 
grams. In the process of inheritance, a new object (the 
child) derives data and member functions from another 
object (the parent). 

The need for inheritance is apparent in graphics rou- 
tines, for example. Suppose you have a software pack- 
age that includes several shapes—points, lines, 
squares, triangles, and so on. In standard C, if you 
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want to add a new shape, you might need to alter half 
of the existing graphics routines. With a well-written 
OOP graphics package, however, you should only have 
to write code specific to your new shape, such as ex- 
panding or shrinking the shape. An object for a point 
might be defined as 


struct point{ 

double x? 
double y; 
BI 


//X coordinate for point 
//Yy coordinate for point 


A circle is similar to a point. It has x and y coordinates, 
but it also has a radius. You can take advantage of the 
similarities by making the circle a child of poznt: 


struct circle: 
double 
ie: 


point { 
radius; 


//circle inherits point 
//circle adds radius 


Now if you define a circle, it has the x and y coordinates 
from point along with its own radius. For example, 
you can write: 

struct circle a; 

a.radius = 1.0; 


a.X = 10.0; 
a.y = 20.0; 


The x and y in circle are inherited from point. Simi- 
larly, if point has a member function, move(), that 
moves the point by changing x and y, circle can inherit 
that function. You don’t have to write a new move() 
function for the new shape. 

Inheritance can continue indefinitely. For example, 
you can think of an ellipse as a circle with an extra 
radius: 

struct ellipse: circle{ 


double minor_radius; 


}; 


Now ellipse has a radius (assumed to be the major 
radius) from circle, x and y from point, and its own 
minor_radius. 

Objects also inherit overloaded operators from their 
parents, and they can inherit from multiple parents. 
For flexibility, you can override inheritance of a spe- 
cific function if the function in the parent is not appro- 
priate for the child. In general, it is easy to modify a 
well-written OOP program, because you have the op- 
tion of using all the functions that have been written 
for similar objects. 

The third major characteristic of OOP is polymor- 
phism. Borland defines polymorphism as “Giving an 
action one name or symbol that is shared up and down 
a class, with each class in the hierarchy implementing 
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In C+ +, several different functions can 
have the same name; the compiler differen- 
tiates between the functions by examining 
the signature of the function call. 


the action in a way appropriate to itself’ (Ref 2). 

Suppose you buy a graphics package that can draw, 
erase, and move a circle, and you need to modify the 
package so that it will perform the same functions on 
an ellipse. You would probably derive the code for the 
ellipse from the existing code for a circle, a more basic 
shape. You would also probably want to use function 
names in your new ellipse structure that already exist 
in circle. 

But consider what happens if you rewrite a member 
function of circle to create a similar function for ellipse. 
Suppose that move_shape(), a function that the graph- 
ics package calls to move any shape, calls a member 
function specific to each shape, hide_shape(). If you 
rewrite hide_shape() from circle to make hide_shape() 
for ellipse, how will move—shape() know to call this 
new hide_shape()? Remember, ellipse didn’t even ex- 
ist when move_shape() was written. The answer lies 
in making hide_shape() a virtual function. 

Virtual functions are always member functions. Each 
structure in a hierarchy can have as a member a virtual 
function with the same name as a function in another 
structure. When a general-purpose function (like 
move_shape()) is called, one of its calling arguments 
is a pointer to the structure in the hierarchy for the 
particular shape (such as a circle or an ellipse) the 
function is to work on. Then, if this general-purpose 
function calls a virtual function (like hide_shape()), the 
pointer ensures that the appropriate virtual function 
will execute. 

All of this can be confusing, especially if you’re new 
to OOP. The important point to remember, though, is 
that virtual functions let you extend programs without 
recompilation. The determination of which member 
function to call occurs at runtime, not at compile time. 

Whether or not you plan on doing object-oriented 
programming, C+ + still has many features that make 
programs easier to write, read, debug, and explain 
than C. If you want to use OOP, C++ offers the 
promise of better and more reusable code. In either 
case, if you already program in C, you won’t have to 
learn a new language or spend much time rewriting 
your current C utility routines. 

Making the transition to C+ + needn’t be expensive, 
either. For example, the Turbo C++ compiler from 
Borland International Ine (Scotts Valley, CA) costs 
less than $100, supports both ANSI C and AT&T 2.0 
C++, and comes as part of an integrated environment 
that lets you edit, compile, link, and debug C+ + pro- 
grams. 
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JUST ASK 


Have you been stumped by a design problem? Can't get 
a product to meet specs? Got too many bugs in your soft- 
ware? Ask EDN. 

The Ask EDN column serves as a forum to solve nagging 
problems and answer difficult questions. EDN’s editors will 
provide the solutions. If we can’t solve a problem, we'll find 
an expert who can, or we'll print your letter and ask your 
peers for help. 

Address your questions and answers to Ask EDN, 275 
Washington St, Newton, MA 02158; FAX (617) 558-4470: 
MCI: EDNBOS. Or, send us a letter on EDN’s bulletin-board 
system. You can reach us at (617) 558-4241 and leave a 
letter in the /ask_edn Special Interest Group. 
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SPECIFICATIONS 


Freq. Range(MHz) 


Insert. Loss (dB) 


10-100MHz 
100-1500MHz 
1500-3000MHz 


Isolation(dB) 
10-100MHz 
100-1500MHz 
1500-3000MHz 

1dB Compression(dBm) 


10-100MHz 
100-1500MHz 
1500-3000MHz 


VSWR(ON) 


Switching Time (usec) 
(from 50% TTL to 90% RF) 
Oper. Temp.(°C) 

Stor. Temp.(°C) 


Price (10-24) 
(1-9) 


TOSW-230 
ZSDR-230 
10-3000 

typ. max. 
ure! 1 
4:4 12 
1.8 2s 
typ. min. 
60 40 
40 28 
35 22 
typ. min. 
17 6 

27 19 
30 28 
typ. max. 
ts 1.6 
typ. max. 
2.0 40 
-55 to +100 
-55 to +100 
$39.95 

$89.95 





TOSW-425 
ZSDR-425 
10-2500 

typ. max. 
13 1.7 
1.1 +f 
1.8 ae 
typ. min 
60 40 
40 30 
35 22 
typ. min. 
1% 6 

27 19 
30 28 
typ. max. 
1 ee. 1.6 
typ. max. 
2.0 4.0 
-55 to +100 
-55 to +100 
$59.95 
$109.95 
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10 to 3000MHz from 539% 


Now, high-speed, high-isolation switches with 

built-in drivers, tough enough to pass stringent 

MIL-STD-202 tests. There’s no longer any need to hassle 

with the complexities of designing a TTL driver interface and 
then adding yet another component to your subsystem... .it’s 
already included in a rugged, low-cost, compact assembly. 
Available in the popular hermetically-sealed 

TO-8 package or a small EMI-shielded metal connectorized 
case, these tiny PIN-diode reflective switches, complete 

with driver, can operate over a 10 to 3000MHz span with a fast 
2uUSeC Switching speed. 

Despite their small size, these units offer 

isolation as high as 40dB(typ), insertion loss of only 1.1dB(typ), 
and a 1dB compression point of +27dBm over most of the 
frequency range. All models are TTL-compatible and operate from 
a dc supply voltage of 4.5 to 5.5 V with 1.8mA quiescent current. 
Switch to Mini-Circuits for highest quality 

innovative products...and leave the driving to us. 





finding new ways... 
setting higher standards 


7 Mini-Circuits 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 


WE ACCEPT AMERICAN EXPRESS 
F126 REV.A 








115 New High Speed Op Amps. 


No Sacrifice For Speed. Not with 
Linear’s new family of high speed op 
amps. LT1122, 1220, 1221, and 1222 provide 
12 bit performance with nsec settling 
and bandwidths to 45 MHz. The LT 1224, 
1225 and 1226 are general purpose parts 
with the capability to drive unlimited 
capacitive loads. LT1190, 1191 and 1192 
are video speed op amps with differential 
gain and phase errors of 0.1% and 0.062 
The LT1223, 1229 and 1230 are single, 
dual and quad current feedback amplifiers 
with high output drive current (5SOmA) 
and professional video quality differential 
gain and phase. 

LT1228 is a high speed gain con- 
trolled amp with guaranteed operation 
down to £=2V or 4V single supply and 
output swing to within 1V of the rails. 

LT1122 isa JFET input op amp which 
slews 80V/us. LT1193 and 1194 are video 
differential input amplifiers with pro- 
grammable or fixed gain powered from 
single 5V or £5V supplies with =50mA 
output drive. 

Singles and duals are available in 
8-pin DIP and 8-pin SOIC package, quads 
in 14-pin. For data sheets and a compre- 
hensive 132 page application note contact 
Linear Technology Corporation, 1630 
McCarthy Blvd., Milpitas, CA 95035. 

Or call 800-637-5545. 
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S.R. Slew Rate (Typ) 

G.B.W. Gain Bandwidth (Typ) 

ts Settling Time (to 0.1%) (Typ) 

AvoL Open Loop Gain (Typ) 
Offset Voltage (Max) 
Offset Current (Max) 
Bias Current (Max) 
Voltage Noise (f = 10K Hz) 
Current Noise (f = 10KHz) 
Min Gain Stable 
Supply Current (Max) 
Price (100’s) $ (PDIP) 


*12 Bit Settling Time 


LIND 


TECHNOLOGY 


TOUGH PRODUCTS 
FOR TOUGH APPLICATIONS. 
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EDITED BY CHARLES H SMALL 


VEC consumes minuscule current 


Jim Williams 
Linear Technology Corp, Milpitas, CA 


Fig 1 shows a micropower voltage-to-frequency con- 
verter (VFC). A 0 to 5V input produces a 0-Hz to 
10-kHz output having a linearity of 0.05%. Gain drift 
is 80 ppm/°C. Maximum current consumption is 90 wA, 
almost 30 times lower than commercially available 
VFCs. 

To understand the circuit’s operation, start by as- 
suming that IC,’s positive input is slightly below its 
negative input (IC,’s output is low). The input voltage 
causes a positive-going ramp at IC,’s positive input 
(trace A, Fig 2). IC,’s low output biases the CMOS 
inverter’s output high. The inverter’s high state en- 
ables current to flow from Q,’s emitter through the 
inverter’s supply pin to the 100-pF capacitor. The 2.2- 
wF capacitor provides high-frequency bypass, main- 
taining low impedance at Q,’s emitter. 





pi -Hpsosz-2810 | 


Diode-connected Q, provides a path to ground. The 
voltage to which the 100-pF capacitor charges is a 
function of Q,’s emitter potential and Q,’s drop. When 
the ramp at IC,’s positive input goes high enough, 
IC,’s output goes high (trace B) and the inverter 
switches low (trace C). This action pulls current from 
IC,’s positive-input capacitor via Q, and the 100-pF 
capacitor (trace D). This current removal resets IC,’s 
positive input ramp to a potential slightly below 
ground, which forces IC,’s output to go low. When the 
50-pF capacitor’s feedback decays, IC, again switches 
low, and the entire cycle repeats. The oscillation fre- 
quency depends directly on the current derived from 
the input’s voltage. 

The 50-pF capacitor furnishes IC, ac positive feed- 
back, ensuring that IC,’s output remains positive long 
enough for the 100-pF capacitor to discharge com- 
pletely. The Schottky clamp prevents overdriving the 
CMOS inverter’s input. The Schottky diode prevents 





| =imTye 
| 100-Hz TRIM 
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Fig 1—This voltage-to-frequency converter (VFC) consumes one-thirtieth the current of other VFCs. 
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IC,’s input from seeing voltages outside its negative 
common-mode limit. 

The circuit must carefully control Q,’s emitter volt- 
age to get low drive. Q;, and Q, compensate Q; and Q, 
for temperature while Q, compensates Q,’s Vpg. The 
two LT1034s are the actual voltage reference, and the 
LM334 current source provides 35-wA bias to the stack 
of transistors. The current drive provides excellent 
supply immunity (better than 40 ppm/V) and improves 
the circuit’s temperature coefficient by using the 
LM334’s 0.3%/°C temperature coefficient to tempera- 
ture-modulate the voltage drops slightly in Q., Q:, and 
Q,. This correction’s sign and magnitude directly op- 
pose that of the —120-ppm/°C polystyrene capacitor, 
thus aiding overall circuit stability. . 

The Q, emitter follower delivers charge to the 100-pF 
capacitor efficiently; both the base and collector cur- 
rents end up in the capacitor. The CMOS inverter 
provides low-loss SPDT reference switching without 
significant drive losses. The 100-pF capacitor draws 
only small transient currents during its charge and 
discharge cycles. The 50-pF’, 47-kQ positive-feedback 
combination draws insignificantly small switching cur- 
rents. At zero frequency, IC,’s quiescent current and 
the 35-wA reference-stack bias account for all current 
drain. No other paths for loss exist. As the frequency 
scales up, the charge-discharge cycle of the 100-pF 
capacitor introduces a 1.5-wA/kHz increase. 

Circuit startup or overdrive can cause the circuit’s 
ac-coupled feedback to latch. If latchup occurs, IC,’s 
output goes high. IC,, detecting this condition via the 
inverter and the 2.7-MQ, 0.1-~F lag, also goes high. 


Design expands PC bus 


Andras Pomozi and Tibor Szép 
Technical University of Budapest, Budapest, 
Hungary 


The circuit in Fig 1 shows how to configure an exten- 
sion bus for an IBM PC/XT or PC/AT. The circuitry 
inside the dashed lines is diagrammatic; you burn this 
circuitry into a 22V10-25 PAL device. 
IBM PC bus lines fall into three categories: 
Output signals 3 
e@ Always active output signals: DACK; (i=0, 1, 2, 
3, 4, 5, 6, 7), AEN, CLK, RESET, BALE, 
SMEMR, SMEMW, T/C, and OSC. 
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Fig 2—This scope photo captures one cycle of the VFC’s action. 
The ramp in trace A causes IC ,’s output to eventually switch (trace 
B), thus developing a corresponding output pulse (trace C). Trace 
D is a reset pulse for the ramp. 


IC,’s going high lifts IC,’s negative input and grounds 
the positive input through Q,;. These actions initiate 
normal circuit action. 

Because the charge pump connects directly to IC,’s 
output, response is fast. The output settles within one 
cycle for a fast input step. To calibrate this circuit, 
apply 50 mV and select R for a 100-Hz output. Then 
apply 5V and trim the input potentiometer for a 10-kHz 
output. EDN BBS /DI_SIG #1070 


To Vote For This Design, Circle No. 745 


@ Signals whose direction MASTER controls: Ad- 
dress lines, IOR, IOW, MEMR, REFRESH, and 
SBHE. These signals are outputs if the PC is the 
bus master and inputs if an extension-bus card, 
such as a DMA controller, is the master. 

Input signals 

@ Active-high signals: IRJ; and DRQ; G=3, 4, 5, 6, 
{;: 8, 9: AB Th 12, 24 1S 

@ Active-low signals: MASTER (the expansion-bus 
master signal), I/(OCLOCK, I/OCHRDDY, 
MEMCS16, I/OCS16, and OWS. 

Bidirectional signals 
@ SD, (k=0,... ,15). 
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DESIGN IDEAS 








Fig 2 shows the simple interface circuits needed to 
connect the various classes of PC-bus lines to the exten- 
sion bus. 

This design avoids conflicts between bidirectional 
signals on the PC and extension buses. The problem 
solves itself for both memory and I/O write cycles be- 
cause writing data causes no complications as long as 
all bus devices have unique addresses. Read cycles are 
more complex. To read a device on the external bus, 
the output-enable pins of the bidirectional drivers must 
be enabled. 


In Fig 1 note that the 16-input AND gate will enable 
the bidirectional drivers if at least one data bit from 
an expansion-bus device is zero. If the expansion-bus 
device is not outputting data, the expansion-bus pullup 
resistors will disable the bidirectional drivers. If the 
expansion-bus device has to output FFF Fyrx, the PC 
will read the PC-side pullup resistors as FFF Fypx any- 
way. EDN BBS /DI_SIG #1067 


To Vote For This Design, Circle No. 746 


TO BE BURNED 
INTO A PAL DEVICE 





Fig 1—With this simple extension-bus circuit and the drivers in Fig 2, you can add extra cards to your PC and provide isolation for 
experrmentation. Note the 16-input AND gate, which handles extension-card data writes. 


° | EXTENSIONBUS 


act 
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Fig 2—The four different types of PC bus signals each need a specific driver for the extension bus. 
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Design Entry Blank 


$100 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design of 
each issue, determined by vote of readers. Additional 
$1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 


To: Design Ideas Editor, EDN Magazine 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 


| hereby submit my Design Ideas entry. 
Name 
Title 
Company 


Phone 


Division (if any) 
Street 

City 

Country 
Design Title 
Home Address 


Social Security Number 
(US authors only) 


Entry blank must accompany all entries. Design entered 
must be submitted exclusively to EDN, must not be 
patented, and must have no patent pending. Design must 
be original with author(s), must not have been previously 
published (limited-distribution house organs excepted), 
and must have been constructed and tested. Fully an- 
notate all circuit diagrams. Please submit software listings 
and all other computer-readable documentation on a 
5%-in. IBM PC disk in plain ASCII. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author, or editor 
gives written permission for publication elsewhere. 

In submitting my entry, | agree to abide by the rules of 
the Design Ideas Program. 


Signed 
Date 
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SOFTWARE SHORTS 


68HC05 acquires 16-bit pointers 


Thomas R Hoover, 
Valcom Inc, Roanoke, VA 


EDN BBS /DI_SIG #1039 has assembly-language sub- 
routines, posted in an ASCII file, that let a 68HC05 
access a 16-bit pointer for load and store operations. 
These routines prove handy now that the 6805 family 
members have large ROMs. 


To Vote For This Design, Circle No. 686 


8051 converts letters to upper case 


Eric Watson, 
Loral Hycor, Woburn, MA 


The 8051 single-chip-wP assembly-language routine in 
EDN BBS /DI_SIG #1040 inputs data from a wP port 
and tests for a lower-case, alphabetic ASCII character. 
If a character is lower-case alphabetic, the routine con- 
verts the character to upper-case ASCII. 


To Vote For This Design, Circle No. 687 


C routine prints out error messages 


Stephen Ho, 
Hewlett-Packard, Milpitas, CA 


The simple C routine in EDN BBS /DI_SIG #1041 
lets you instrument your code with error messages. 
The error-message printer works like the standard 
fprintf( library routine. 


To Vote For This Design, Circle No. 688 


These Software Shorts listings are too long to repro- 
duce here; you can obtain the listings from the EDN 
BBS’s Design Idea Special Interest Group ((617) 558- 
42.41 ,300/1200/2400,8,N,1—from Main Menu, enter ss/ 
DI_SIG, then rknnn, where nnn is the number refer- 
enced above). 
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The New World Of 





Electronics Manufacturing 


The world of electronics manufacturing used 
to be at war. Each engineer, whether they were 
involved in the design, production, assembly or test 
of printed circuit boards, had their own battleground 
—their own territory. Crossing the technology 
borders between these different disciplines took 
more than a passport, it took a miracle. 

Not so anymore. Attend NEPCON West 1992 
and enter the new world of electronics manufac- 
turing—a world where there are no boundaries 
and no borders. Where different disciplines work 
together, not only to get products to market faster, 
but to get them there with improved quality and 
increased efficiency as well. 


NATIONAL ELECTRONIC PACKAGING AND PRODUCTION CONFERENCE 


ee ES PS EO Pe ee 


Wa &”” Ga GEV 
WEST 92 
Conference: February 23-27, 1992 
Exposition: February 25-27, 1992 
Anaheim Convention Center 
Anaheim Marriott 
Anaheim Hilton 
Anaheim, California 











©Reed Publishing Cap, eed 


CEG. 


oS enter 


(U.S.A.) Inc., 1991 
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Information on Lambda Circle No. 85 











NEPCON West 1992 is a world where Con- 
current Engineering is the universal language. It’s a 
place where your entire product development team 
will learn new strategies, find new products, and 
discover new solutions for every phase of the elec- 
tronics manufacturing process. At NEPCON West 1992 
you will meet with over 1000 suppliers of the prod- 
ucts and services used in the design, manufacture 
and test of printed circuits and electronics assemblies 
—all in the same place, all at the same time. 

The new world of electronics manufacturing 
is waiting for you at NEPCON West 1992. Come 
Explore! 


Clip and mail to: 
NEPCON West ’92 Cahners Exposition Group 
1350 East Touhy, P. 0. Box 5060, Des Plaines, IL 60017-5060 


I want to EXPLORE the new world of electronics manufacturing at 
NEPCON West ’92, please send me pre-registration materials. 


| 
| 
| 
| 
Name | 
Title a a ee | 
IN A FR Be ee ae ee ee ee | 
Oc saa A a Cd a era detent an Pe hea En orien OPTI oes, 
ee ee ae ee eee | 
Country ge ee a es | 
My company is interested in exhibiting at future NEPCON events. | 
Call me at: | 
| 


Please feel free to contact us for additional information: NEPCON West ’92, c/o Cahners Exposition 
Group, phone (708) 299-9311, or FAX (708) 635-1571. G3 a 
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The Taming 
of the Sle 


... LachoMod Handles 
Your Fastest Loads 











23 Frontage Road, Andover, MA 01810 
TEL: 1-800-735-6200 + FAX: 508-475-6715 
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Introducing DMM calibrators for 
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perfectionists, pragmatists and realists. 


Our new family of multi- 
function calibrators (DCV, ACV, 
DCI, ACI, Q) has something for 
everyone. 

If you demand the best in 
standards laboratory accuracy 
and performance, Model 4808 
delivers: 3 ppm/year. 

Model 4800 offers an 
exceptional combination of 
capability and price. With 
performance to 6.5 ppm/year, 
it can calibrate up to 7; digit 
DMMs. And for the ultimate in 
economy, Model 4805 can 
calibrate analog or digital 
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multimeters up to 53; digits. 

Whichever you choose, 
you'll have the added benefits 
of an integral full-function 
1000V power amplifier — 
unique to Datron calibrators. 
This means you can cover the 
widest DMM and analog meter 
calibration workload without 
worrying about separate boxes 
or extra connection. 

The Model 4808 and 4800 
calibrators have modular 
construction. Start with only 
the functions you need, 
knowing you can retrofit 


CIRCLE NO. 60 


additional options later. 

So whether your major 
consideration is accuracy, 
price, or simply the perfect 
answer to your needs, you'll 
find it in the new Series 4800 
Calibrators from Datron. 

For more information, call 
our United States Sales Offices: 

Western: (619) 565-9315 

Eastern: (516) 454-8440 





Foreveryone whos tried to copy 
our ADo/, heres your assignment. 
for the next ten year's. 


A decade ago, we revolutionized 
the 12-bit a/d converter market when we 
created the original AD574. It delivered 
higher levels of functional integration 
and performance, yet at half the cost of 
alternative solutions. 

And we didn’t stop there. We went 
on to add the AD674 and AD774 to create 
a full range of pin-compatible converters. 
Each as popular as our AD574 which, 
since its introduction, has left a lot of 
other companies playing catch-up. 

Now these companies have a new 
goal. Because now there is the AD1674. 

As a member of our AD574 family, the pin-compatible AD1674 offers designers unparalleled 


performance and integration. With the added benefits of an on-chip sample/hold amplifier, DC and 





oes ce AC guaranteed specs, faster throughput, and a list of 


and functionality of the AD574, 

AD674 and AD774, while 

integrating a high-bandwidth 
sample/hold circuit, higher 

PeTTeTtTTe speed, lower power, and lower 

price — from $14.15 (suggested, 100s). The AD1674 
accepts input signals of +5V, +10V, 0-10V or 0-20V, 
while operating from its standard 10V on-chip voltage 
reference (available for driving external loads). 


other features too long to mention here. 
In other words, the AD1674 redefines ‘industry 
standard’ the same way the AD574 did ten years ago. 





Why wait for an imitation when you can have 


the real thing now? Get more information today on 
the AD1674, AD574, AD674 or AD774 converter family by writing ANALOG 


to us at the address below. Or by calling 1-800-262-5643. DEVICES 


Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106. Headquarters: (617) 329-4700. Offices, applications support and distribution available worldwide. 





Authorized North American Distributors: Alliance Electronics 505-292-3360 * Allied Electronics 817-595-3500 * Anthem Electronics 408-453-1200 * Bell Industries 213-826-6778 
* Future Electronics 514-694-7710 * Hall-Mark Electronics 214-343-5000 * Newark Electronics 312-784-5100 * Pioneer Standard 216-587-3600 * Pioneer Technologies Group 1-800-227-1693 
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TEST & MEASUREMENT INSTRUMENTS 


SCSI Disk-Drive Testers 


@ Plug into 16-bit ISA bus 
© Support 2-byte-wide transfers to 

20 Mbytes/sec 
The models ASW-110, ASW-116, 
and ASW-210 test disk drives that 
conform to both the SCSI-1 and 
SCSI-2 standards. They can scan 
and exercise the bus, audit disks 
for SCSI conformance, and perform 
benchmark and reliability checks. 
The heart of the testers is a card 
for the 16-bit ISA bus and support- 
ing software. The card supports 2- 
byte-wide transfers at speeds to 20 
Mbytes/sec. The units test drives 
with differential and single-ended 
interfaces and with 50- and 68-pin 
connectors. $950 to $3900. 

Ancot Corp, 115 Constitution Dr, 
Menlo Park, CA 94025. Phone (415) 
322-5322. FAX (415) 322-0455. 

Circle No. 351 











80C186/C188 
Development Tools 


@ For runtime source-level debug- 
ging 
@ Support 80C186/C188EA, XL, 
EB, and EC wPs 
The Codetap C186/C188EA, XL, 
EB, and EC are development tools 
for the correspondingly named 
members of Intel’s 80C186 and 
80C188 wP families. The hardware- 
based tools, which permit no-wait- 
state, 20-MHz operation of the tar- 
get system, cost about 30% as much 
as full-featured, in-circuit emulators 
for these pPs. This low cost suits 
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the tools for use by individual mem- 
bers of embedded-system-develop- 
ment teams. The tools work with 
Intel, Microsoft, and Microtee Re- 
search C compilers and include a 
windowed, source- and assembly- 
level debugger that runs under MS- 
DOS. $5995. 

Applied Microsystems Corp, 
Box 97002, Redmond, WA 98073. 
Phone (800) 426-3925; (206) 882- 
2000. FAX (206) 883-3049. TLX 
185196. Circle No. 352 


L64901 SPARC 
Development Tool 


@ Operates with the vendor’s CLAS 
logic analyzers 

© Supports 50-MHz versions of the 
IC, when available 

The CLAS L64901 pP-analysis 

package works with the vendor’s 

CLAS family of configurable logic- 

analysis systems. The tool supports 

the LSI Logic L64901 SPARC uP. 

Currently, the fastest version of the 


chip runs at 25 MHz, but when 50- 
MHz chips become available, the 
vendor expects the tool to support 
them. The tool configures the logic 
analyzer so that address, data, and 
control signals are grouped on the 
display. The display uses standard 
mnemonics and lets you represent 
addresses symbolically. You probe 
the surface-mounted IC by attach- 
ing a 5.8 X2.5 xX 1.3-in. card. $4950; 
logic-analysis systems, from $15,950. 

Biomation, 19050 Pruneridge 
Ave, Cupertino, CA 95014. Phone 
(800) 538-9320; (408) 988-6800. FAX 
(408) 988-1647. Circle No. 353 


Analog I/O Card 


@ Plug into vendors’ IEEE-488 
mainframes 

@ Have programmable gain and 
12- or 16-bit ADCs 

The 2040 series 32-channel analog 

I/O modules plug into the vendor’s 

2200A family of IKEE-488 and se- 

rial-interfaced mainframes (chas- 
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Get TV reception you never had before, with... 


Antenna Multiplier" 
only #2925* 


*But read this ad for an even better deal! 


Yu won't need it if you are connected to a cable system, but 
if you are not you will now get TV reception that you 
could never enjoy before. Inside its unprepossessing hous- 
ing, the Antenna Multiplier™ hides a small technical miracle 
—an array of electronic components that literally multi- 
plies the reception power of your TV. The Antenna Multi- 
plier™ stabilizes your TV picture, eliminates “ghosts” and 
static, and brings in stations that were until now only visible 
as flickers and annoying shadows. In most areas you will be 
able to eliminate any outdoor antenna completely, making your- 
self independent of bad weather interference and atmospheric disturbances. The Multiplier™ 
needs no outside power—it gets its “juice” right through your TV set. You place the Multiplier™ 
on the television set itself, lay it on a nearby table, or hang it on the wall. And, of course, you 
can bid your messy and ineffective rabbit ears, loop, rod, or dish antennas good-bye. Antenna 
Multiplier™ will not just enhance your TV reception manifold, it also vastly improves 
AMIFM radio reception and brings in new stations on multiband and shortwave receivers. 
We are the exclusive importers of the Antenna Multiplier™ in the United States and can therefore 
bring you this outstanding TV accessory for just $29.95. But we have an even better deal: Buy 
two for $59.90, and we'll send you a third one, with our compliments—absolutely FREE ! 
Unleash the full power of your television with Antenna Multiplier™ Order it today! 


FOR FASTEST SERVICE, ORDER 


TOLL FREE (800) 882-3050 
24 hours a day, 7 days a week 


tenna Multi- 
ee si wert: 
sts UHE VH. 
Television and AM, FM, 
& Shortwave radio reception. 


Looking for a bargain? Come in and visit 
our Catalog Outlet in San Francisco. 


since 1967 


aver ills 


of San franciice 


139 Townsend Street, San Francisco, CA 94107 


Please give order #1429B144. If you prefer, mail 
check or card authorization and expiration. We 
need daytime phone number for all orders and is- 
suing bank for charge orders. Add shipping/in- 
surance: $5.95 for one, $6.95 for three. Add sales 
tax for CA delivery. You have 30 day return and one 
year warranty. We donot refund shipping charges. 
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INSTRUMENTS 





sis). The cards incorporate 12- or 
16-bit ADCs preceded by amplifiers 
that have gains you can program 
from X1 to x500. The ADCs, 
which include S/H circuits, make 
20,000 conversions/sec. To increase 
a system’s channel capacity, you 
can add 82-channel analog-multi- 
plexer cards. The multiplexer cards 
include a 12-bit DAC, a program- 
mable-gain amplifier, and thermo- 
couple cold-junction compensation. 
ADC ecards, $825 to $1175; multi- 
plexers, $450 to $750; 6-slot chassis, 
$1095; 16-slot chassis, $1595. 
Maxus Electronic Corp, 2760 
29th St, Boulder, CO 80301. Phone 
(800) 637-2882; (803) 447-1226. FAX 
(803) 447-1446. Circle No. 354 


80386SX Rividhieel 


e@ Runs at 16 MHz with no wait 
states 
@ Includes 512 kbytes of overlay 

RAM 
The Codestalker 386SX in-circuit 
emulator sells for approximately 
half the price of many 32-bit emula- 
tors. It operates at 16 MHz with 
no wait states. The unit has 512 
kbytes of overlay memory that you 
can split into two banks. Usually, 
you use bank 0 to define interrupt 
vectors in low memory (real mode) 
or to contain the interrupt descrip- 
tor table (protected mode). In bank 
1, you ean place data that, in normal 
operation, would go in the BIOS 
ROM. You can also configure the 
two banks as a single region of the 
wP’s memory. The emulator has 
four independent hardware break- 
points that you can set anywhere 
in the »P’s address space; you can 
also set an unlimited number of 
software breakpoints. The unit’s 
trace buffer captures 4k machine 
cycles. The source-level debugger 
is compatible with many C compil- 
ers. $9995. 

Softaid Inc, 8300 Guilford Rd, 
Columbia, MD 21046. Phone (800) 
433-8812; (301) 290-7760. FAX (801) 
381-8258. Circle No. 355 
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Ariel V-C40 Hydra Breaks 
the BOPS Barrier 


1.1 billion operations per second sets the 
record for 6U VMEbus coprocessor cards 


Only Ariel’s Hydra combines 
four TI TMS320C40 DSPs to 
deliver twice the processing speed 
and four times the I/O bandwidth of 
any 6U VMEbus coprocessor card. 
It’s the only choice for the most 
_ compute-intensive multiprocessor 
applications. 
| The V-C40 packs up to 64 Mbytes 
| of DRAM as well as up to 5 Mbytes 
of SRAM in eight banks—two per 
processor. Each DSP has direct 
access to memory via dual 32-bit 
memory buses, as well as six 
parallel I/O ports and a high-speed 
six-channel programmable DMA 
controller. All six channels can 
transfer data simultaneously 
without interrupting program 
execution. 

Hydra also includes a 24-bit 
parallel ADbus that lets you access 
a wide range of high-speed data 
acquisition cards. Development 

support includes an ANSI C 
compiler and the first PC-based 
XDS510 in-circuit emulator to 
support parallel processing. And 
of course, with Ariel’s legendary 
technical support, you’ll never 
work alone. 

To learn more about the V-C40 
Hydra, or any of Ariel’s DSP 
products for ISA/EISA, VMEbus, 
SBus, Hewlett-Packard, NeXT, or 
Macintosh computers, send us a 
fax, leave us a message on the BBS 
or E-mail, or just give us a call. 


S 
L V 1¢ sere oe 
so) 
Distributed in: F fi : 
istributed in: France, REA Informatique, tel: | 49 65 25 50, fax: 1 49 65 25 69; Israel, Militram : 
Futuristic Technology Ltd., tel: 52-545685, fax: 52-574383; Italy, International Trading Device SRL, The DSP Authori ty 


tel: 02-749 0749, fax: 02-761 0407; Japan, Marubun Corp., tel: 033-639 9816, fax: 033-661 7433. 
433 River Road Highland Park, NJ 08904 


(908) 249-2900 FAX :(908) 249-2123 
DSP BBS (908) 249-2124 
Email: ariel @ ariel.com 
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What's the 
difference between 
ah) (@ =ir-lale 
other simulators? 


The right answer. 





Accuracy, that's what you need from a circuit simulator. Unfortunately, 
not all Spice simulation software is up to it. Only HSPICE provides the 
accuracy you need. | 

Your design, process and modeling groups can work together as one 
team by utilizing Meta's complete technical resource of software 
products and lab services. 

So why risk expensive and unnecessary iterations? With Meta, you 
know the answer's right first time™. Fora right first time information 


package, call toll free (800) 442-3200, Ext. A1. 


Vey META-SOFTWARE 


Right First Time™ | 
Meta-Software, Inc. 1300 White Oaks Road, Campbell, California 95008. 


Copyright Meta-Software, Inc. 1992, all rights reserved. HSPICE, and Right First Time are trademarks of Meta-Software, Inc. 
CIRCLE NO. 65 
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COMPONENTS & POWER SUPPLIES 


Clock Oscillator 


@ /s surface mountable . 

@ 5mm high 

The SO-49 crystal clock oscillator is 
compatible with HCMOS, CMOS, 
and TTL. The unit is housed in a 
hermetically sealed, resistance 
welded 3-leaded SIP, which meas- 
ures only 4.5 11.85 mm. Output 
frequencies range from 625 kHz to 
50 MHz, with frequency tolerance 
measuring +50 ppm. Rise and fall 
times equal 50 nsec max below 2 
MHz and 20 nsec max above 2 MHz, 
respectively. Output symmetry 
equals 45 to 55%, and operating 
range spans —10 to +70°C. The os- 
cillator operates with a single 5V 
supply. $2.50 to $3 (1000) 

KDS America, 10901 Granada 
Lane, Overland Park, KS 66211. 
Phone (918) 491-6825. FAX (913) 
491-6812. Circle No. 363 








Hybrid Connector 


® Designed for pc boards 

® Rated for 5A 

The Model DSEB hybrid connector 
combines the advantages of D- 
subminiature and edge board de- 
signs. It’s rated for 5A, and you can 
use it with any pce board requiring 
a D-subminiature connector. Avail- 
able in a 25-contact version, the 
connector accommodates boards 
ranging from 0.054 to 0.071 in. thick 





and measures 2.072 x 0.5 in. on the 
D-subminiature side and 1.588 x 


0.35 in. on the edge board side. De- 
sign features include a molded hous- 
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ing for accurate pin-socket align- 
ment and selective gold plating 
(contact areas) to minimize cost. 
The connector has a built-in locking 
nut. $2.58 (500). 

Dale Electronics Inc, Box 609, 
Columbus, NE 68602. Phone (605) 
665-9301. Circle No. 364 


Optical Connector 
© For applications requiring high 
reflectance 
@ Features a 0.5-dB loss 
The ST II fiber-optic connector is 
designed for applications where 
high reflectance is required. An an- 
gled ceramic ferrule, which incorpo- 
rates the protruding fiber polisher, 
ensures a higher return loss than 
that found in standard ST connec- 
tors. Median maximum reflectance 
is —60 dB. When terminating 8.3/ 
125-m single-mode fiber, the con- 
nector has a 0.5-dB insertion loss. 
The connector measures 2.14 x 
0.375 in. and is well suited for dense 


panel arrangements. Connector 
couplings feature a keyed, bayonet 
latch and are easy to connect and 
disconnect. The metal couplings 
come in flanged, threaded, and 
floating configurations; plastic ver- 
sions are available in threaded de- 
signs. $48. 

AT&T Network Cable Systems, 
111 Madison Ave, Morristown, NJ 
07962. Phone (201) 606-4266. 

Circle No. 365 


Coaxial Attenuator 


© Rated for 100W 

® Operates to 1.5 GHz 

The PE7021 500 coaxial attenuator 
operates over a frequency range of 
de to 1.5 GHz and offers attenuation 
values of 6, 10, 20, and 30 dB. The 
device’s average power-handling 
capability is 100W, and it can han- 
dle a peak of 10 kW max. Maximum 
VSWR is rated at 1.15:1. The at- 
tenuator comes in a package featur- 
ing an extruded, black anodized alu- 
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Technical 
calculations 
made easy: 


ALL NEW VERSION 3.0! 
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Now it's easier than ever 
to perform faster, more 

reliable engineering and 
scientific calculations. 


Windows graphics features make Mathcad 
3.0 the simple solution to complex 
analytic needs. Dialogs, pull-down menus, 
and mouse point-and-click capabilities make 
it easy to combine equations, text, and 
graphics right on your screen and print It all 
in a presentation-quality document. 

e New Electronic Handbook Help facility 
serves as an on-line reference library. 
Paste standard formulas, constants, and 
diagrams from searchable, hypertext 
Electronic Handbooks for instant use in 
your Mathcad worksheet. 

e Symbolic calculations with a simple menu 
pick. Use expressions resulting from sym- 
bolic derivations in your numeric calcula- 
tions or for further symbolic manipulation. 

e Mathcad works on PC DOS, PC Windows, 

Macintosh, or UNIX. More than 120,000 

engineers, scientists, and educators 

already use Mathcad for a variety of tech- 
nical applications. Applications packs are 
also available to customize Mathcad for 
particular disciplines, including electrical, 
mechanical, and civil engineering and 
advanced math. 
















































Call 800-MATHCAD or use this 
coupon to request a free 3.0 


demo disk! 


In Massachusetts, call 617-577-1017. Please 
specify diskette size: 


[|] 3 1/2" [}5 1/4" 


For a free Mathcad 3.0 Introductory kit, clip this 
coupon and mail it back to us, or fax it to 
617-577-8829. Or circle your reader service card. 


|_| Yes! Tell me more about Mathcad 3.0! 
Name 


Title 





Company or Institution 
Address 
City State___Zip 
Phone( ) 


Math Soft 


2 Ae OY rs 8 Tf eh 


















Mail this coupon to: 


MathSoft, Inc. 
201 Broadway 
Cambridge, MA 02139 


icc TECH 3.0 
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COMPONENTS & POWER SUPPLIES 








minum heat sink and a type N con- 
nector that’s made of passivated 
stainless steel. $350. 

Pasternack Enterprises, Box 
16759, Irvine, CA 92713. Phone 
(714) 261-1920. FAX (714) 261-7459. 

Circle No. 366 





Surface-Mount Sockets 


@ Accommodate vapor-phase and 
infrared-soldering processes 
© Offer 84-position capacity 
PLCC Series plastic-leaded-chip- 
carrier sockets feature precision 
stampings, high-temperature plas- 
tic construction, and a body design 
that has the same board footprint 
as the chip carrier itself. The liquid- 
crystal polymer housing accommo- 
dates vapor-phase and infrared sol- 
dering, and the open construction 
simplifies inspection of every solder 
fillet. The sockets are available in 
28-, 32-, 44-, 52-, 68-, and 84-lead 
versions. The solder tails have a 
slot in the tail for added solder ad- 
hesion. The contact design places 
downward pressure on the PLCC 
so it remains in the socket. From 
$1.60 (1000). 

Samtec Inc, Box 1147, New AI- 
bany, IN 47151. Phone (800) 726- 
8329. FAX (812) 948-5047. 

Circle No. 367 


Power Supply 


@ Has a unversal input 

@ Develops 50W 

The PSA-5231 power supply is de- 
signed for international applications 
and features an input that continu- 
ously covers a 100 to 240V range. 


An on/off switch, an IEC ac connec- 
tor, and a Class B EMI filter are 
all housed in a 6.77 X 3.15 x 1.89-in. 
case. The supply develops outputs 
of 5V at 4A, 12V at 2A, and —12V 
at 0.5A. Noise and ripple are held 
to less than 1% of rated output. All 
outputs feature a load and line regu- 
lation of 2%. EMI specs are in ac- 
cordance with Class B requirements 
of both VDE and FCC. The supply 
meets the safety requirements out- 
lined in UL 1950, CSA 1402C, and 
VDE 0805. $50 (100). Delivery, 
stock to eight weeks ARO. 
Phihong USA, 920 Hillview Ct, 
Suite 195, Milpitas, CA 95035. 
Phone (408) 263-2200. FAX (408) 
263-2218. Circle No. 368 





Pushbutton Switches 


© Feature illuminated display 
® Are sunlight readable 
Avionics switches and indicators 
come in full- and split-screen ver- 
sions with either T-1 or T-1°4 lamps, 
which you can replace from the 
front of the panel. The switches are 
readable in direct sunlight. The ba- 
sic design uses a snap-action switch, 
which is available in either commer- 
cial or military versions. The spdt 
units come with pc-board or solder- 
lug terminations. The units can 
meet a variety of illumination, 
chromaticity, and dead-front speci- 
fications. On/off contrast ratios of 
80/20% are obtainable in special ap- 
plications. From $20. Delivery, 8 to 
10 weeks ARO. 

Eaton Corp, 4201 N 27th St, Mil- 
waukee, WI 53216. Phone (414) 449- 
6000. Circle No. 369 
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Murata Erie. We don’t make 





faxes, cellular phones 


or satellite systems. But we make 
things better for those who do. 


Whatever the telecom product, when 
you seriously consider your options in pas- 
sive components, you’ll see we can make 
a difference. 

But how to compare? Well, specs are 
a Start. But the fact is, specs often seem 
surprisingly similar—-much like physical 
appearances. 

There’s always individual component 
cost, a comparison we at Murata Erie 
heartily encourage. But if you stop there, 
you could overlook some other very 
important distinctions. 

Think first about product-line breadth. 
And the measurable advantages that can 
accompany acquiring most or all your passives 
from a single source. Then think about 
Murata Erie’s product line, offering virtually 





any type passive your product requires. 
Now consider supplier capacity. Look 

at our multiple plants in North America 

and overseas. And ask yourself what other 

company could routinely ship, for example, 

3.5 billion ceramic capacitors per month. 

Or match our network of local distributors— 


people ready to respond not only with 
product but with technical expertise as well. 


Finally, try to find a company with more 


experience. You might begin by asking 


who pioneered, and continues to pioneer, 
electro-ceramic technology, the core of 
numerous electronic sub-technologies rang- 
ing from dielectrics to piezoelectrics. 

All that done, we think you’ll find choosing 
the right passive component line a simpler 
task. Getting started is even easier. Write or 
call us today. We’ll show you how, for tele- 
com OEMs, we’re making things a lot better. 
And how we'll do the same for you. 


(R) 


MURATA ERIE NORTH AMERICA 


2200 Lake Park Drive 
Smyrna, GA 30080 
1-800-831-9172 





Dielectric Resonators, EMI/RFI Filters and Filter Connectors, Ceramic Resonators, Gigafils® Ceramic Capacitors, Piezoelectric Speakers, Microphones and Alarms, Duplexers, Isolators, 
Inductors, Miniature Coaxial Connectors, Trimming Potentiometers, Crystal, DR and SAW Oscillators, Ceramic Filters, Resistor Networks, Hybrid Circuits, LC Filters, Trimming Capacitors 
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For complete specs 
and FREE evaluation 


o-Schematic:" Schema 500 268-0600 


‘ ee Oo Mate ’ os ¥ a a 
eS i Sr 


Tan 








You haven’t got any time to spare. So, make sure 
you’re using the most productive design tool for schematic 
entry. Once you’ ve seen Tango-Schematic, we bet you’ll agree it’s the very best 
PC-based, schematic capture package you can buy. 


Superior Schematic Capture from the Leader in PCB Design. 


Tango-Schematic is the front end of the popular Tango family of PC-based 
electronic design software. Users execute all common functions in 
the same way with Tango’s easy-to-use, “Windows"™-like” interface. 
Tango takes an integrated approach to design, with sheet and 
component creation, post processing and hard copy generation, 

all executed from a single program. Our two-level menus, 
dialog boxes, on-line help and macro support make Tango 
quick to learn and simple to use. 

Tango-Schematic gives you versatility and functionality 
with: support of homogeneous and heterogeneous 
components; library search and browses; autopanning and 
unlimited zoom levels; display of hidden pins to enable 
splitting power and ground nets; copy commands; and 
use of a unique snap-to-pin feature for guaranteed wire-to 
component connections. Post-processing features 
include: forward and back annotation, design rule 
checking and sheet cleanup. Tango, EDIF 2.0, PSpice,™ 
P-CAD™ and other popular net list formats are 
supported. 

Tango-Schematic’s extensive device 
libraries are provided by SEDCO (specialists yo = 
in creating electronic design libraries) and 
contain over 10,000 different symbols each 
verified for accuracy and each available 
in its commercial, true ANSI/IEEE 
and DeMorgan representation. 

Make sure you’ re 
using the best tools 
available and experience 
the Tango difference. 
Call us toll free for 
more information 
or to request your 
free, functional 
evaluation package. 
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Helping good ideas become great products. 


ACCEL Technologies, Inc. 
6825 Flanders Drive ¢ San Diego, CA 92121 USA 
Service & Support 619/554-1000 Fax 619/554-1019 
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\ } CAPS is a productivity-boosting 
e Sd C OTE engineering tool that helps you 


find, select, and specify ICs and — 


semiconductors faster and 
ad easier than ever before. 





custom diagnostic systems for the com- 
munications industry. Every piece of 
equipment we build is unique, so we 
spend a lot of time searching for ICs and 
semiconductors for new designs. That’s 
why we invested in the CAPS system. 


99 “Tekelec designs and manufactures 
¢ 


last year 





“With CAPS, it’s a snap to find the right 
components. When we need informa- 
tion, it’s there. We no longer have to 
look through catalogs or play telephone 
tag with vendors. CAPS identifies alter- 
nate sources and gives us technical 
specs, pricing information, and hardcopy 
printouts—all on one PC. Since we 
installed the system, we’ve saved hun- 
dreds of component engineering hours. 
CAPS saved us more than $50,000 
last year alone! 


“Productivity-boosting tools like CAPS 
pay for themselves and help Tekelec 
maintain our competitive advantage.” 


— Tom Cannon 
Senior Vice President, 
Research and Development 
Tekelec 


= 
: 
| 
| 





CC Aor aN -E° Ress It’s easy to find out more Updated monthly, the CD-ROM (Compact Disc — 
a Ah mom about CAPS! For your Read-Only Memory) based CAPS system gives 
. ee TS you fast, easy, query-driven access to technical 
GAPS free information kit, call specifications and applications data for over 
' Jill Adams at 800-245-6696. 600,000 ICs and semiconductors made by nearly 
Computer Aided Do it today! 500 companies worldwide. Best of all, CAPS pro- 


vides instant access to hundreds of thousands of 
pages of complete, unabridged manufacturers’ 
datasheets, so you have everything you need 
Cahners Technical Information Service ¢ 275 Washington Street ¢ Newton, MA 02158-1630 right at your fingertips. 

Telephone: 617-558-4960 © Facsimile: 617-630-2168 © Telex: 940573 © Toll-free: 800-245-6696 

CAPS is a registered trademark of Reed Publishing (USA) Inc. 


Product Selection 
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The NEW Piher Opens Up Unlimited 


Specifying And Design Options 


The New Piher is now backed by from one of the nation’s most 
the resources of The Meggitt Group. extensive inventories. 
Powered by a nationwide sales and And all Piher components (as 
distribution network. Poised to offer evidenced by our prestigious Ford 
you unmatched resistive component Q-1 award) meet the highest stan- 
options and value. dards for quality and reliability. 
Designers can now team with our Find out more about the New 
international pool of engineering talent Piher. For a Free 108-page Produc 
to create custom specials. Catalog, call 1-800-323-6693, or 
Specifiers and Purchasers can write Piher, 903 Feehanville Drive, 
expect prompt technical support and Mt. Prospect, IL 60056. 
efficient customer service from In Illinois call 708-390-6680. 


people who understand your FAX: 708-390-9866. 


production requirements. 
Choose from a 
complete, quality line 
of carbon and cermet 
trimmer potentio- 
meters in a wide 
range of specifi- 
cations. All are 
competitively 


2a 
priced and EI 


readily available eeoonice “Co. 
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NEW PRODUCTS 





CAE & SOFTWARE DEVELOPMENT TOOLS 


VHDL Development System 
For SPARCstations 


© VHDL simulator and compiler 
@ Interactive VHDL source code 
debugger 

V-System/SPARC is a VHDL 
(VHSIC Hardware Description 
Language) development system for 
the Sun SPARCstation platform. 
Engineers can offload their high- 
end VHDL development tools for 
initial development and verifica- 
tion. Subsystems can be defined 
and tested before integration on 
high-end development tools. The V- 
System/SPARC is integrated under 
Sun’s Open Windows. The develop- 
ment environment provides six in- 
teractive windows. These windows 
enable users to view their design 
hierarchy, scroll through their 
VHDL source, monitor selected de- 
bugging variables and signals, con- 
trol the simulator, and see the exe- 
cuting processes and the simulator 
output. You can set VHDL break- 
point directly in the code, single 


Simulation Verification 
And Analysis Tool 


© Verifies results for different 
suemulations 
® Compares behavioral and gate- 
level simulation 

The VCAP tool enables engineers 
to compare different simulation 
runs and detect differences in per- 
formance. You can compare a simu- 
lation run against expected results, 
having the differences flagged for 
easy reference. These comparisons 
let you detect differences between 
design iterations or performance 
between a behavioral model and a 
gate-level implementation. It also 
detects variations between differ- 
ent synthesis runs on a circuit. 
VCAP also has a mode for timing 
and pin behavior, producing a re- 
port listing minimum and maximum 
output-pin delays, pin-transition 
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step, and change values on the 
fly. Compile times are pegged 
at 15,000 lines/minute and simu- 
lation, at 10,000 RTL statements/ 
sec on a Sun IPC. Single-user li- 
cense, $4995; for DOS and Win- 


statistics, and input behavior. Also 
listed are the tester resources re- 
quired to run the test vectors. 
VCAP runs on Sun, HP, Inter- 
graph, and IBM PC/AT worksta- 
tions. Single node license, $3995. 
Source III Inc, 3958 Cambridge 
Rd, Suite 247, Cameron Park, CA 
95682. Phone (916) 676-9329. 
Circle No. 357 


Unix/DOS X-Window Servers 


@ X-Server for 386/486 supports 
TIGA boards 

@ For DOS and SCO or Interactive 
Unix 

X-Windows-applications users can 

take advantage of the TIGA (TI 

graphics architecture) PC graphics 

standard with X Servers. You can 

use PCs as applications servers, 

providing an X-Windows interface 





dows, $495 and $1995, respectively. 
Model Technology Inc, 15455 
NW Greenbrier Pkwy, Suite 210, 
Beaverton, OR 97006. Phone (508) 

690-6888. FAX (503) 690-2093. 
Circle No. 356 


for applications running on X-Win- 
dow clients. Xoftware for TIGA/ 
DOS release 2.1 supports the TIGA 
graphics board, based on the TI 
34020 graphics accelerator boards. 
This version supports DOS 5.0 as 
well as third-party networking soft- 
ware that links to other PCs or 
high-end servers. The company is 
also releasing Xoftware for PC 
Unix, release 2.1. It supports both 
SCO and Interactive Unix operat- 
ing systems for PCs. TIGA graphics 
boards support workstation class 
resolutions: monochrome resolu- - 
tions to 1600 x 1200 and color reso- 
lutions to 1280 x 1024. Xoftware for 
TIGA/DOS and PC Unix, $595 and 
$495, respectively. 

AGE, 9985 Pacific Heights Blvd, 
Suite 200, San Diego, CA 92121. 
Phone (619) 455-8600. FAX (619) 
597-6030. Circle No. 358 
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CAE & SOFTWARE DEVELOPMENT TOOLS 








ASIC Standard-Cell 
Layout Editor 


@ System extracts layouts and com- 
pares schematics 

® Contains layout editor with 
autorouter 

The L-Edit mask-layout editor tool 

enables a designer to do hands-on 

ASIC standard cell layout. The ver- 

sion 4.0 tool includes a DRC (design 

rule checker), a built-in-pad frame 

generator, a 32-bit coordinate de- 

sign space, and a standard-cell 


place-and-route tool for netlist-. 


generated layout. The tool set in- 
cludes a layout-to-Spice extractor, 
which extracts circuit parameters 
for Spice simulation and circuit 
characterization. A comparator, 
called LVS, checks circuit confor- 
mance to the defining schematic. 
The tools are integrated and share 
a common user interface. L-Edit 
runs on Unix workstations, as well 
as on IBM PCs and Apple Macin- 
tosh computers. Both CIF and 
GDS-II layout database formats are 
supported by L-Edit. The tool sup- 
ports fully scalable CMOS digital 
and analog circuits. It handles hier- 
archical, cell-based design, with un- 
limited layers and hierarchy levels. 
It supports all-angle, 45°, and 90° 
polygons and wires. Basic L-Edit 
layout editor, from $995; extractor, 
$995; layout vs schematic compara- 
tor, $995. 

Tanner Research Inc, 444 N Al- 
tadena Dr, Pasadena, CA 91107. 
Phone (818) 795-1696. FAX (818) 
795-7937. Circle No. 359 


Software-Development Tools 
For Motorola 68HC16 


@ ROMable cross assembler and 
compiler 

@ Source-code debugger, ANSI 
runtime library 

This tool set works with Motorola’s 

68HC16, a 16-bit microprocessor. 

The tool set includes an ANSI C 

cross-compiler, a macro assembler, 

and an ANSI runtime library. It 

also includes a set of programming 
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utilities: a linker, librarian, auto- 
matic data initializer, object-module 
inspector, and an absolute hex file 
generator. The tool set comes with 
Whitesmith’s CXDB, an interactive 
source-code debugger. The debug- 
ger includes a 68HC16 simulator 
and an emulation debugger inte- 
grated with external in-circuit emu- 
lators for real-time debugging 





control. The debugger supports 
Nohau, Orion, and Pentica Systems 
ICEs. Also included is a ROM moni- 
tor debugger for testing targets 
running with an on-chip monitor. 
The debugger works with standard 
Motorola evaluation boards. The 
development package runs on IBM 
PCs and clones, as well as on Sun, 
DEC/VAX, and HP workstations. 
Compiler/assembler/utilities pack- 
age for a PC, $1600. CXDB debug- 
ger, $1500. 

Intermetrics Microsystems Soft- 
ware Inc, 733 Concord Ave, Cam- 
bridge, MA 02188. Phone (617) 661- 
0072. FAX (617) 868-2843. 

Circle No. 360 


Forth Development System 
For 68332 Microcontroller 
@ Forth system with PROM sup- 
port 
@ Includes a Motorola 68332 evalu- 
ation-kit board 
Chipforth, for the Motorola 68332 
32-bit microcontroller, is a PC- 
based Forth development system 
and a 68332 target board with a 
minimized Forth kernel. The board 
is actually the Motorola 68332 
evaluation kit with 2 kbytes of on- 
chip RAM, 64 kbytes of board RAM 
(82k x 16 bits), an RS-282C (64 baud 
to 524 kbaud), a parallel-port host 


communications link, and sockets 
for EPROMS and static RAM. The 
host Polyforth system is tightly 
coupled with the target operating 
software, which is a Forth subset. 
This coupling makes it easy to con- 
trol and debug running target soft- © 
ware. The target has a small 200- 
byte talker program, which links 
processors and supports interactive 
debugging. Utilities include a full 
screen editor, PROM programming 
support, debug utilities, a target- 
memory dumper, and disk/print 
utilities. Chipforth, $3950, includ- 
ing one year of telephone support. 
Forth Inc, 111 N Sepulveda 
Blvd, Manhattan Beach, CA 90266. 
Phone (213) 372-8498. FAX (213) 
318-7130. TLX 275182. 

Circle No. 361 


C+ +/C Development 
Environment For Sun 


@ C/C++ compiler, debugger, and 
editor 
@ Project-oriented environment 
The C+ +/Softbench development 
environment for Sun workstations 
combines an ANSI C and C++ 
(version 2.1) 1-pass compiler with 
the underlying Softbench tool inte- 
gration base. Softbench sets up 
a low-overhead communications 
mechanism for integrating develop- 
ment tools and provides encapsula- 
tion mechanisms for common user 
interfaces. With C++ Developer, 
users can generate a source-code 
template from a class for building 
a new instance or subclass. Softedit 
editor provides syntax and seman- 
tic error checking before compile 
time. And, Softdebug supports ob- 
ject-oriented debugging. Available 
in February, 1992, $9950 per seat. 
Hewlett-Packard Co, 19310 Prune- 
ridge Ave, Cupertino, CA 95014. 
Phone (800) 752-0900; (408) 746- 


5601. FAX (408) 746-5780. 


Circle No. 362 
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Unlimited Waveforms 
For Less Than $2500. 





i 


i 
tp 


That's Pragmatic! 


Pragmatic™ Instruments’ new 2202A Waveform Generator 
Offers features - and price - ideal for custom and standard 
waveforms for all your signal simulation needs. 


Unbeatable Precision 


All waveforms are digitally synthesized, with 12 bits 
(4095 points) of amplitude resolution and 32K of 
waveform memory. And the synthesized internal 
clock up to 20 MHz provides a wide range of output 
frequencies. 


Unlimited Waveshape Variety 


Twenty standard waveshapes are preprogrammed for 
instant recall and modification. And you can create 
your own custom waveshapes - and store up to 100 — 
using Pragmatic’s innovative line segment and vertex 
“draw” modes. An optional mouse makes it even 


easier. And the intuitive, menu-driven display makes 
the 2202A extremely easy to operate. 


Optional Sequence Generator 


Many different waveforms can be repeated and linked 
in any order for unprecedented versatility. 


FREE Pragmatic Mouse Pad 


We're giving away a FREE mouse pad with each 
demonstration of the Pragmatic 2202A. To arrange 
your demo, or to receive additional product informa- 
tion, call (800) 772-4628 toll free TODAY. 





PRAGMATIC & 


IN Suet MENTS, INC. 
EDN January 2, 1992 
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Circle #8 To Call Me I’m Interested 


7313 Carroll Road, San Diego CA 92121-2319 « Tel. (619) 271-6770 « Fax (619) 271-9567 


Toll Free (800) PRAGMATIC or (800) 772-4628 
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THE NEW MICRO-CAP Iil. 
SO YOU CAN TEST-FLY 
EVEN MORE MODELS. 


It wasn't easy. But we did it. Made the 
long-time best-selling IBM® PC-based 
interactive CAE tool even better. 

Take modeling power. We've significantly 
expanded math expression capabilities to 
permit comprehensive analog behavioral 
modeling. And, beyond Gummel Poon BJT 
and Level 3 MOS, you're now ready for 
nonlinear magnetics modeling. Even 
MESFET modeling. 

Analysis and simulation is faster, too. 
Because the program’s now in “C” and 
assembly language. That also means more 
capacity — for simulating even larger 
circuits. 





models and parameterized macros. And 
stepped component values that stream- 
line multiple-plot generation. 

And don’t forget MICRO-CAP III’s 
extended routine list — from impedance, 
Nyquist diagrams and BH plots to Monte 
Carlo for statistical analysis of production 
yield. The algebraic formula parsers for 
plotting virtually any function. The support 
for Hercules, CGA, MCGA, EGA and VGA dis- 
plays. Output for plotters and laser printers. 

Cost? Still only $1495. Evaluation ver- 
sions still only $150. Brochure and demo 
disk still free for the asking. Call or write 
for yours today. And see how easily you can 











As always, count on fast circuit crea- get ideas up and flying. 
tion, thanks to window-based operation 
and a schematic editor. Rapid, right-from- species wang: gern Da ae 
schematics analysis — AC, DC, fourier and Skat a Se oe 
transient — via SPICE-like routines. The TLE 1021 S, Wolfe Road 
ability to combine digital/analog circuit Monte Carlo palais Sunnyvale, CA 94086 
simulations using integrated switch (408) 738-4387 
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NEW PRODUCTS 








COMPUTERS & PERIPHERALS 


Pencil And Pen Plotters 


@ Fuzzy logic enhances plot speed 
@ Plot at 44.5-ips and 4.29 accel- 
eration 

The XP-500 Series pencil and pen 
plotters use fuzzy logic to enhance 
plot speed. Utilizing a 32-bit CPU 
and a digital servo, the units plot 
at 44.5-ips and 4.2g¢ acceleration. 
Fuzzy logic lets the plotters look 
ahead from 21 to 41 vectors, evalu- 
ating vector length and angle, and 
then determining the fastest, most 
efficient vector path to be read, 
sorted, and plotted. Fuzzy logic also 
improves circular interpolation. 
The units can accommodate eight 
pencil leads, including 0.2-, 0.3-, 
0.5-, and 0.7-mm leads. They can 
also hold eight pens, and you can 
program the plotters to combine 
pen and pencil in a single plot. The 


units contain a 1-Mbyte buffer and 
have an HP-GL-compatible RS- 
232C interface. E-size unit, $6300; 
D-size unit, $4800. 





Mutoh America Inc, 500 W AIl- 
gonquin Rd, Mt Prospect, IL 60056. 
Phone (708) 952-8880. FAX (708) 
952-8808. Circle No. 379 








Industrial I/O Controller 


® Contains a 10-MHz V-20 wP run- 
ning DOS 3.3 
@ Analog and digital modules have 
high-voltage isolation 
The I/O PlexerPCx self-contained 
remote I/O controller contains a 10- 
MHz V-20 wP running DOS 3.3 and 
1 Mbyte of RAM. A solid-state disk 
drive consists of either a battery- 
backed RAM or Flash EPROM 
having a capacity as large as 256 
kbytes. A COMI1 port lets you 
download a control program from 
a remote host at 115.21 kbaud. A 
COM2 port drives an internal I/O 
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Plexer network having as many as 
4000 I/O points. The unit accepts 
as many as 16 analog and digital I/O 
modules that have high-voltage iso- 
lation from module to module and 
module to chassis. The controller 
also contains a 25W power supply, 
a real-time clock, and a Centronics 
printer port. The unit measures 
17.25 x 5.04.15 in. and operates 
from 0 to 60°C. Controller without 
I/O modules, $1695; I/O modules, 


$50 to $120. 


Dutec, 4801 James McDivitt Rd, 
Jackson, MI 49204. Phone (800) 248- 
1632; (517) 750-4700. FAX (517) 
750-4740. Circle No. 380 


NTDS Adapter 


e Links VMEbus boards to Navy 
peripherals 

@ Supports NTDS type A, B, C, 
and H data transfers 

The NTDS-1 Navy Tactical Data 

System (NTDS) adapter board 

works with the VMEbus. It links 

the company’s PMV 68 MIL-STD- 





VME computer boards to standard 
Navy peripherals and provides a 
full-duplex parallel data path be- 
tween a VMEbus and an NTDS sys- 
tem. The board conforms to the 
MIL-STD-1397 specification for 
type A (slow), B (fast), C (anew), 
and H single-ended or double-ended 
data transfers. A 68000 wP and a 
4-channel DMA controller control 
onboard functions. A 64-kbyte dual- 
port static RAM appears as an 
A24:D16 block of RAM in the 
VMEbus system address space. 
$4425. Delivery, eight weeks ARO. 

Radstone Technology Corp, 20 
Craig Rd, Montvale, NJ 07645. 
Phone (800) 368-2788; (201) 391- 
2700. Circle No. 381 
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COMPUTERS & PERIPHERALS 





Solid-State Disks 


@ Have 1, 2, or 4 Mbytes of Flash 
memory 
@ Operate from 0 to 70°C 
The PCF912 and PCF914 family 
Flash memory boards provide non- 
volatile memory for ISA bus com- 
puters. The boards are additions to 
the company’s line of disk emula- 
tors. An onboard BIOS simplifies 
installation, and diagnostics detect 
power-up errors. You can populate 
the boards with 1, 2, or 4 Mbytes 
of Flash memory. The I/O driver 
lets you configure as many as four 
boards as a single physical drive 
having as much as 16 Mbytes of 
memory. The boards are resistant 
to humidity, vibration, and shock, 
and they operate from 0 to 70°C. 
PCF912 with 2 Mbytes of memory, 
$828; PCF914 with 4 Mbytes of 
memory, $1348 (100). 

Memtech Technology Corp, 
3000 Oakmead Village Ct, Santa 
Clara, CA 95051. Phone (408) 970- 
8900. FAX (408) 986-0656. TWX 
910-250-1368. Circle No. 382 


DSP VMEbus Board 


e@ Uses four TMS320C40 DSP 
chips to deliver 1.1 BOPS 
® Access to 12 20-Mbyte/sec paral- 
lel ports on the front panel 
The V-C40 6U VMEbus board con- 
tains four TMS320C40 DSP chips. 
The four chips deliver a total of 1.1 
BOPS (billion operations per sec- 
ond). Each chip has two independ- 
ent 32-bit address buses and six 20- 
Mbyte/sec parallel communications 
ports. Twelve of these communica- 
tions ports are accessible via the 
front panel. In addition, the board 
has 64 Mbytes of dynamic RAM and 
as much as 5 Mbytes of zero-wait- 
state static RAM. The board also 
uses the company’s proprietary 24- 
bit parallel bus, called ADbus, to 
provide high-speed access to the 
company’s I/O boards. The board 
has slot-1 controller functions and 
operates as a master or slave. DMA 
block transfers occur at 35 Mbytes/ 


134 


sec, and the board supports D8, 
D16, and D382 data transfers. $9995. 

Ariel Corp, 483 River Rd, High- 
land Park, NJ 08904. Phone (908) 
249-2900. FAX (908) 249-2123. TLX 
4997279. Circle No. 383 





Sbus Graphics Card 


@ Accelerates 2-D graphics on a 
SPARC station 
e@ Employs a Weitek W8720 inte- 
grated-graphics controller chip 
The GXTRA/W single-slot SBus 
card accelerates 2-D graphics on a 
Sun SPARCstation. It uses a 
Weitek W8720 integrated-graphics 
controller chip for X Windows, 
Openwindows, and Sunview graphi- 
cal user interfaces. The card has an 
8-bit color frame buffer and a Sun-4 
style keyboard and mouse port. It 
draws, fills, and performs bit-block 
transfers at 100 million pixels/sec. 
Different versions support 1600 x 
1280-, 1280 x 1024-, and 1152 x 900- 
pixel resolutions. From $3050. 
Tech-Source Inc, 442 S North 
Lake Blvd, Suite 1008, Altamonte 
Springs, FL 32701. Phone (407) 830- 
8301. Circle No. 384 


Short-Haul Modem 


® Operates over two twisted-wire 
pairs at 19.2 kbps 

© Has an RS-232C port switchable 
from DTE to DCE RO. 

The Model 205 multidrop short-haul 

modem operates over two twisted- 


wire pairs and uses a controlled car- 
rier, which switches the role of the 
master and its slaves in a polled net- 
work. You can switch the controlled 
carrier on manually or via the Re- 
quest-To-Send (RTS) signal. The 
modem operates at data rates as 
fast as 19.2 kbps over a range of 4 
miles. You can switch the unit’s RS- 
232C connector from a DTE (data- 
terminal-equipment) to a DCE 
(data-communications-equipment) 
configuration. The unit derives its 
power from the Transmit-Data sig- 
nal. Line-coupling transformers 
provide double isolation between 
communicating modems. The unit’s 
metal enclosure measures 5.0 X 
2.0 x 0.85 in. $118. 

Telebyte Technology Inc, 270 E 
Pulaski Rd, Greenlawn, NY 11740. 
Phone (800) 835-3298; (516) 428- 
3232. FAX (516) 385-8184; (516) 
385-7060. Circle No. 385 


2'4-in. Disk Drives 
@ Provide 65 and 180 Mbytes of 
formatted capacity 
® Consume 2W when operating and 
5.5W during start-up 
The Go Drive 60 and 120 are 2’4-in. 
hard-disk drives for notebook com- 
puters. They provide 65 and 130 
Mbytes, respectively, of formatted 
capacity. The average seek time is 
less than 17 msec, and the sustained 
data-transfer rate can be as fast as 
2.1 Mbytes/sec. The drives weigh 
6.2 oz and consume 2W when oper- 
ating and 5.5W during start-up. Go 
Drive 60 has a spin-up time of less 
than 2 sec, and Go Drive 120 has a 
spin-up time of less than 2.5 sec. 
Both drives use the company’s look- 
ahead read cache feature, called 
Discache, which anticipates host re- 
quests and stores data in a 82-kbyte 
buffer. You can use them with the 
SCSI or ISA bus. Go Drive 60, 
$395; Go Drive 120, $595. 
Quantum Corp, 500 McCarthy 
Blvd, Milpitas, CA 95085. Phone 
(408) 894-4000. FAX (408) 894-3205. 
Circle No. 386 
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How Design Work 
Becomes Teamwork. 





The DAZIX Simultaneous 
Engineering Environment (SEE) 
turns design work into teamwork. 

SEE allows your departments to coor- 
dinate efforts during every phase of the —_ toolset, including solutions for front- 


as well as leading third-party 

tools — in a single environment. 
There’s more you should know. 

Call us today at 800-239-4111 for a free 


design process. This helps to improve to-back electronics design, mechanical  °°P? 4 caging ae ee 

product quality, lower production costs, design, manufacturing, and document Tae ee ae 3 fabio 09 

and get products to market faster. management. ike Abia Facile area, Call 03a 2091 200. 
SEE delivers the integration What's more, with SEE, your entire : 

you asked for. Common database team can benefit from an open-system 

management. Common user interface framework. A framework that integrates 

across applications. And a complete DAZIX, Intergraph, and Sun products— = An Intergraph Company 


Intergraph® and DAZIX® are registered trademarks of Intergraph Corporation. Other brands and product names are trademarks of their respective owners. 
Copyright 1991 Intergraph Corporation, Huntsville, AL 35894-0001. DDADO34A0. 
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NEW PRODUCTS 








Clocked FIFO Memory Chips 


© Operate at 33 to 70 MHz 

@ Available in two organizations 
Designed for systems running at 
speeds of 33 to 70 MHz, the 
CY7C44X and CY7C45X family 
clocked FIFO memory chips are of- 
fered in two organizations and pro- 
vide a choice of programmable op- 
tions. The 512 x 9-bit CY7C441 and 
2k x 9-bit CY7C443 have flags that 
indicate when the FIFO is empty, 
almost empty, or almost full. Avail- 
able in the same organizations, re- 
spectively, the CY7C451 and 
CY7C453 have flags that indicate 
empty, almost empty, half full, al- 
most full, or full, with programma- 
ble almost-empty and almost-full 
flags. The devices also feature par- 


INTEGRATED CIRCUITS 


System 1 Clock 


Write Enable 


Data in 





ity generation/checking, and you 
can stack them in series. Available 
in 28-pin or 32-pin DIP and PLCC 
(plastic leaded chip carrier) pack- 





ages, from $25.85 to $56.80 (100). 

Cypress Semiconductor, 3901 N 
First St, San Jose, CA 95134. 
Phone (408) 943-2600. Circle No. 370 





Military Op Amp 

@ 185-MHz bandwidth 

® Complies with MIL-STD-883 
The OPA676SG/883B is a MIL- 
STD-883-compliant, switched-input 
op amp. The two independent dif- 
ferential inputs are selectable by 
means of an external TTL-compat- 
ible logic signal. The op amp fea- 
tures a bandwidth of 185 MHz at a 
gain of 10, and a settling time to 
0.01% of 25 nsec. External compen- 
sation allows a range of closed-loop 
gains. Other specifications include 
a power-supply range of +4.5V to 
+6.5V, a typical output current of 





+30 mA, a maximum bias current 
of 85 pA, and a maximum offset 
voltage of +2 mV. The device 
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comes in a 16-pin ceramic DIP that 
conforms to MIL-M-38510, Appen- 
dix C, Outline D-2. $78.40 (100). 
Burr-Brown Corp, Box 11400, 
Tueson, AZ 85734. Phone (800) 548- 
6132; (602) 746-1111. FAX (602) 
889-1510. Circle No. 371 


Image-Compression Chip Set 


© Optimized for still video cameras 
© Simulates the JPEG algorithm 

The 031 image-compression chip set 
consists of the ZR36020 discrete co- 
sine transform (DCT) processor and 
the ZR36031 image-compression 
coder/decoder. The chip set per- 
forms compression and expansion 
similar to the proposed Joint Photo- 
graphic Experts Group (JPEG) al- 
gorithm. Optimized for use in still 
video cameras, the 031 chip set in- 
cludes a bit-rate control feature to 
ensure that a predictable number 
of photos can be stored on the mem- 
ory card without degrading image 
quality. Because the chip set does 
not include image preprocessing 
functions such as color space con- 
version, it provides the flexibility 


for system vendors to build differ- 
entiated, value-added products. 
The chip set operates at a 7.4-MHz 
data rate, which allows digital still 
video cameras to capture photos at 
speeds to 7.5 frames per second. 
The ZR36020 chip comes in either 
a 44-pin quad flatpack or a 48-pin 
ceramic DIP; the ZR36031 chip 
comes in either a 100-pin quad 
flatpack or an 85-pin PGA (pin- 
grid array) package. $99 (1); $25 
(OEM qty). 

Zoran Corp, 1705 Wyatt Dr, 
Santa Clara, CA 95054. Phone (408) 
986-1814. Circle No. 372 


Ground-Fault Interrupter 


@ Low-power operation 

®@ Meets UL-943 requirements 
Added to the company’s line of 
ground-fault interrupter (GFI) con- 
troller ICs, the RV4141 is a low- 
power, 8-wire device for use in 
home and industrial ac receptacles 
and circuit panels. The RV4141 ob- 
tains its power directly from the ac 
line and features a built-in rectifier, 
a precision sense amplifier, adjust- 


137 








INTEGRATED CIRCUITS 








able time delay and an SCR inter- 
face. The device, which uses only 
500 wA of quiescent current, oper- 
ates in either 110 or 220V systems 
and meets UL-943 requirements. 
The RV4141 operates over the in- 
dustrial temperature range and 
comes in 8-pin DIPs or SOIC pack- 
ages. From $0.55 (1000). 
Raytheon Co, Semiconductor 
~ Div, 350 Ellis St, Mountain View, 
CA 940438: Phone (415) 968-9211. 
Circle No. 373 


High-Speed Clock Driver 


® Operates to 35 MHz 
© Meets 2-nsec skew requirements 
The MC74F 1803 clock driver is de- 
signed for use in systems operating 
at frequencies as high as 35 MHz 
with skew requirements of 2 nsec 
or more. The high-speed, low-power 
device features separate D-type in- 
puts and multiple synchronous out- 
puts with closely matched propaga- 
tion delays. The MC74F1803 is 
available in a standard 14-pin DIP 
or 14-pin SOIC package for surface- 
mount applications. $2 (10,000). 
Motorola Inc, MD M538, 2200 W 
Broadway, Mesa, AZ 85202. Phone 
(602) 962-2865. Circle No. 374 


uP Supervisory Circuit 

© Resets at 1V 

® Chip-enable gating is 35 nsec 
The LTC1235 microprocessor super- 
visory circuit provides a guaranteed 
reset assertion down to 1V, thereby 
preventing wP malfunction at low 
supply voltages. The chip can also 
conserve battery power by con- 
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ditionally saving RAM contents 
only when necessary. Other fea- 
tures include a watchdog timer, 
power-fail detection, and chip- 
enable gating of 35 nsec (max). A 
charge-pumped FET power switch 
helps to limit supply current to only 
1.5 mA (max). The LTC1235 is 
available in 16-pin DIP or SO pack- 
ages. From $3.85 (100). 

Linear Technology Corp, 1630 
McCarthy Blvd, Milpitas, CA 
95035. Phone (800) 637-5545; (408) 
432-1900. Circle No. 375 


Low-Dropout Regulator 


® Generates 2.85V for SCSI termi- 
nations 
®@ Comes in small SOT-223 package 
The LT1117-2.85 low-dropout regu- 
lator is for use in active termina- 
tions for the Small Computer Sys- 
tem Interface (SCSI) standard. The 
device provides a regulated output 
of 2.85V +1% from the SCSI sup- 
ply and operates down to a1V drop- 
out voltage. Output-current capa- 
bility is 800 mA and quiescent cur- 
rent is 10 mA (max). The regulator 
also features current-limiting, ther- 
mal-shutdown, and ESD protec- 
tion. The LT1117-2.85 comes in a 
space-saving SOT-223 surface- 
mount package. $1.83 (1000). 
Linear Technology Corp, 1630 
McCarthy Blvd, Milpitas, CA 
95035. Phone (800) 637-5545; (408) 
432-1900. Circle No. 376 


Low-Voltage OTP Memories 


®@ Operate at 3.38V +0.3V 
@ Available in 512-kbit and 2-Mbit 
densities 

Optimized for battery-powered ap- 
plications, the 512-kbit Am27LV512 
and 2-Mbit Am27LV020 are one- 
time-programmable (OTP) memo- 
ries that can operate at 3.3V 
+0.3V. The devices are available 
in access-time ratings of 200, 250, 
and 300 nsec. Maximum power con- 
sumption is 90 pW in the standby 


mode and 54 mW when the device 


is constantly accessed at 5 MHz. 
Both the Am27LV512 and Am27- 
LV020 come in 32-pin PLCC (plas- 
tic leaded chip carrier) packages. 
Depending on speed rating and den- 
sity, $13.51 to $38.61 (100). 
Advanced Micro Devices Inc, 
Box 3453, Sunnyvale, CA 94088. 
Phone (800) 222-9328; (408) 749- 
5708. Circle No. 377 


Smart Battery-Charger ICs 


@ Sense battery temperature 
® On-chip timer limits charging 
tume 

Combining fast charging with 
safety, the TC675 and TC676 en- 
sure proper NiCd and Ni-Hydride 
battery charging without risking 
overcharge or potential explosion. 
You can use the ICs in charger cir- 





cuits using SCRs and current-lim- 
ited transformers. The charge cycle 
begins when the IC detects the 
presence of a battery connected for 
recharge. The cycle ends when 
an external thermistor input stops 
the charge cycle when the se- 
lectable battery-temperature rise is 
achieved or when an on-chip fail- 
safe timer limits the charging time 
to 90 minutes. The devices also pro- 
vide an LED output that allows vis- 
ual checking of the charge cycle and 
an automatic trickle-charge func- 
tion. The TC675 has a trickle- 
charge select pin; the TC676 has a 
timer-override reset pin. Package 
options include 14-pin DIP and 16- 
pin SOIC. From $7 (10,000). 
Teledyne Components, 1300 
Terra Bella Ave, Mountain View, 
CA 94039. Phone (800) 888-9966; 
(415) 968-9241. Circle No. 378 
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EPROM EMULATION SYSTEM 





NEW 
4-MEGABIT 
VERSION | 





m@ Emulates up to 8 @ Accepts Intel Hex, 
4-Megabit EPROMS with Motorola S-Record 
one control card. and Binary files. 


Downloads 2-Megabit _™ Software available 
_ programs in less than for IBM PC and 
23 seconds. compatibles and 


@ Allows you to examine Macintosh systems. 
_ and modify individual @ Base 27256 EPROM 
bytes or blocks. System $395.00 Other 
configurations available. 


ORDER TODAY--IT’S EASY 
CALL OR FAX FOR MORE INFORMATION 


: Incredible Technologies, Inc. 
(708) 437-2433 
(708) 437-2473 Fax 


VISA now accepted. 
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MICROPROCESSOR 


EMULATORS 


Zax provides a comprehensive 
series of real-time emulation sup- 
port for Motorola, Intel, NEC, Zilog, 





and Hitachi microprocessors. Some 
of the highlighted features include 
source-level debug, real-time trace, 
and performance analysis. 


Call now for more information: 


(800) 421-0982 
(714) 474-1170 (Inside CA) 
(714) 474-0159 (Fax) 


ZAXTEK 
2572 White Rd., Irvine, CA 92714 
CIRCLE NO. 328 





‘‘The Best 8051 Emulator’ 


5 ft. cable 


PC based emulators for the 8051 family 


- 8031, 8032, 8051, 8052, 80C152/154/321/451/452/51FA/51GB/515/517/535/537/ 
552/562/652/851, 80532, 83C451/552/652/751/752/851, 8344, 87C451/552/751/ 
752, 8751, 8752, DS5000 + CMOS ... more. 

@ PC plug-in boards or RS-232 box. 

@ Up to 33 MHz real-time emulation. 

@ Full Source-level Debugger wicomplete C-variable support. 

64 bit wide, 256k deep trace, with time stamp. 

@ Bond-out/hooks pods for 8051, 83C552, 83C451, 83C652, 
83C751, 80C515/80C517, 83C752, 8XC51FA/FB/FC, and more. - 


CALL OR WRITE FOR FREE DEMO DISK! 
Ask about our demo VIDEO 


FAX (408) 578-7869. information center to 
CORPORATION (408) 866-1820 receive info via your FAX 


51 E. erg yen Avenue | Call 408-378-2912 
noHa Campbell, CA _ Nohau's 24-hour 


CIRCLE NO. 326 


HIGH-SPEED E(E)JPROM PROGRAMMERS 
TEP-801/804/808 


TEP-101/104/108 
from $175.00 


@ TEP-80X series program 
EPROMs from 2716-8MBit. 
@ TEP-10X series 
program EPROMs 
from 2716-2Mbit. 
M@ EEPROMs from 
2816-28256A 
@ High speed programming: 
20 seconds for eight 27256 
@ TUP-300 universal programmer is 
also available 
Distributors are 
welcome! 


1 year warranty. 
30 day money back guarantee. 


Tribal Microsystems Inc. 
44388 S. GRIMMER BLVD. FREMONT. CA 94538 
TEL (510)623-8859 FA 
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68HC1 + 


Low Cost, 68HC11 + 64K BitsofE,PROM © 
5 Volt, Single-Chip, Nonvolatile Memory Solutions — 
For the 68HC11 Family 


X68C64 FEATURES: 
e Organized 8K X 8 


e Simultaneous Software Execution while Je 


Writing — | 

e Multiplexed Address/Data Bus 2 

e High Performance Low Power CMOS — 

e Software Data Protection — | 

e Block Protection 

e Toggle Bit Early End Of Write Detection 

e 32 Byte Page Mode Write . 1 
‘Aicor’ Xicor, Inc., 851 Buckeye Court, Milpitas, California ia 9525 7499 : a - . 


(408) 432- 8888 x3549 FAX 408- 432-0640 
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Instant Microcontroller | _ 


Instant C 


Instant New Product _ 


Use our Little Giant™ and Tiny Giant™ miniature 
microprocessor-based computers to instantly com- 


puterize your product. Our miniature controllers | 


feature built-in power supplies, digital I/O, serial I/O 
(RS232 / RS485), A/D converters (to 20 bits), 
solenoid drivers, time of day clock, battery backed 
memory, watchdog, field wiring connectors, and — 


more! Designed to be easily integrated with your | 


hardware and software. Priced from $159. Core 
modules as low as $59. Low cost, interactive Dy- 


namic C™ makes serious software development a. 


easy. 


Z-World Engineer 
1724 Picasso Ave., Davis, CA 95616 USA | 
Tel: (916) 757-3737 Fax: (916) 753-5141 
Automatic Fax: (916) 753-0618 - 
(Call from your fax, request catalog #18) 
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SURFACE MOUNT INTERCONNECTS 
FROM SAMTEC 








New Samtec interconnects on .050”, 2mm 
and .100” centers are designed for surface 
mounting with insulators suitable for process- 
ing at temperatures up to 230°C for 30 
seconds, and 260°C for 10 seconds. Contact 
are heat treated BeCU with slotted tails for 
added solder joint strength, and multi-finger 
contacts for high reliability. 

Samtec, Inc. P.O. Box 1147, New Albany, IN 
47151-1147. Telephone: 1-800-SAMTEC9, or 
Fax 812-948-5047. 
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SPICE FOR THE PC 


Options 


“ow = 
re 2500 20. o7in8 “i, Q1 
ee QN2222 
: 3.00 : 
+ 


}| A powerful SPICE (IsSrice) simulator performing AC, DC, | 


Transient, Noise, Fourier, Distortion, Sensitivity, Monte Carlo, 
and Temperature analyses, Extensive model libraries, 
Schematic entry, and Waveform processing. Starting at $95 
for IsSpice, complete systems are available for $890. 


: se _ ptlaslged a= P.O. Box 710 San Pedro, 
i CA 90733-0710 


Information Kit! 
Tel. 213-833-0710 Fax 213-833-9658 


CIRCLE NO. 334 


There’s excitement brewing 
in the power supply indus- 
try! Get all the details in 
your very own free, 32- 
page, full-color TODD 
catalog. You'll find specs, 
performance, mechanical, 
pinout, mounting and ap- 
plications information for 
over 100 outstanding OEM 
switching power supplies, 
including TODD’s revolu- 
tionary SUPERMAX 1000, 
the ultra-compact 1000- 
watt “shoe box” switcher 
with built-in Power Factor 
Correction. Jo have the 
TODD catalog on its 
way to you today, call 
the TODD Power- 
Phone: 800 223- 
TODD, The 911 of 
power supplies. In 
NY 516 231-3366. 


ITODD 


ircle No. 189 For Information, 
Circle No. 190 For An Evaluation Unit 


You don’t 
need 
a lot of 
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MacABEL 


PLD Design on the Apple Macintosh! 


Data |/O's industry-standard ABEL PLD design package is now 
available on the Macintosh, exclusively from Capilano Computing! 

* Use Boolean and integer equations, state machines and truth tables 
to describe your design * Communicates directly with any serial PLD 
programmer « Best device support in the industry, including ALTERA, 
AMD, ATMEL, CYPRESS, GOULD, HARRIS, ICT, INTEL, LATTICE, 
NATIONAL, RICOH, SAMSUNG, SGS, SIGNETICS, SSS, TI, VTI and 
others + Interactive "in-circuit" schematic entry and simulation when 
used with DesignWorks 


Call (800) 444-9064 Today for your free Demonstration Kit! 
Capilano Computing 
FAX: (604) 522-3972 
(604) 522-6200 
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CMOS 68000 SBC 
120 mA @ 8 MHz 


Ultra low power 8 MHz 68000 CPU 
6 sockets for EPROM and RAM 
Battery backed calendar and RAM 
2 RS232 Serial ports 

20 TTL I/O lines and 2 16-bit timers 
4 8-bit Analog to Digital converters 
ee SV power supply 

PC hosted development software 
Standard G-64 bus extension 

-40° to +85° temperature range 
$595 single quantity price 


= 1-800-443-7722 
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Just 
$495!* 


ABEL-PLD: 


Logic design for less. 


@ 150 PLD 
architectures 
supported (more 
than 4000 devices) 
@ Uses ABEL™ 
Hardware 
Description 
Language 
(ABEL-HDL™) 
@ Intelligent 
synthesis and 
optimization 

= Upgradable to 


full-featured ABEL DATA 1/0 


Design Software 


Call for your FREE 
ABEL-PLD™ 
Design Software 
start-up kit! 


1-800-3-DatalO 
(1-800-332-8246) 


*US. list price only. 
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Schematic Capture 


COMPLETE 
DESIGNS ON 
YOUR PC OR 

UPLOAD 
TO YOUR 
WORKSTATION 


FREE DEMO DISK 


One schematic capture program 
stands alone in features, speed, 
user friendliness & performance - 
SCHEMA. The new SCHEMA 


III 3.3 is still only $ 495. 


800-553-9119 
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CP-1128 COMBINATION 
PROGRAMMER 


@ Introducing programming 
support for AMD's complete 
MACH family of devices. 
The CP-1128 provices pro- 
gramming support for the 
MACH 110/210/120/ 
130/230. 

® Qualified and recom- 
mended by AMD, Lattice, 
National Semiconductor 
and Signetics. 


a 


PLD/EPROM PROGRA ER 











CP-1128 


$1295.00 


® Immediate programming 
support for Cypress' 
CY7C361,  Lattice's 
ispLS11032 and pLSI1032, 
as well as National AIM 
devices. 

® Call 1-800-225-2102 
for a literature pack and a 
demo disk. 

@ Lifetime FREE software 
updates available via BBS 24- 
hours a day or via US Mail. 


PLIL Ly Li 
BPicrdsystems 


10681 Haddington © Houston, TX 77043-3239 © FAX 713/461-7413 
© 1991 BP Microsystems, Inc. 
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Now 
$1495!* 






Save $1000 


@ Includes the 212 
Multi Programmer 
with logic module, 
ABEL-PLD™ and 
PROMIink™ Ltd. 
PC Interface 
Software 

@ Supports 20- 
and 24-pin CMOS 
logic devices 

@ Full-hex keypad 
for extensive editing 
= Compatible with 
JEDEC standard 
programming files 





on our entry-level 
logic system. 








@ Optional EPROM 
and microcontroller 
modules 


Call today to order! 
No-risk, money- 
back guarantee! 


1-800-3-DatalO 
(1-800-332-8246) 


*US. list price only. 
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An Established Foothold In ' 
The Device Programming Arena 





So pee NUSA he 





target adbr-@iGh 
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| a Easy toleam & use 






TEMPILABEL: : 
BOC 66°C TIC «77°C 82°C 88°C 93°c 99°C 


Vibboabas 


«(10°F 150°F 60°F 170°F 180°F 190°F 200°F 210°F 









=41 user configurable 
=] = FAST! Download -- 
<3 sec. typ. at 115KB 
m Source Level debug 

- w A4K frame trace baller advanced searching capabilities. 


 iceMASTER connects easily to ye PC, requires no disassembly, or expansion 
Slots. Works on any PC (DOS or 0$/2), MicroChannel or EISA. Even laptops! 


we n inset ga a | miceMASTERis versatile: eMASTERSOSI, iceMMASTERSSHCI| cand 


































nter spot turns black when surface to which | _ceMASTERCOP8 support most family derivatives pmaprn mene 
wh Rental and 10-day trials available. The Traditional 
m 6BHC11 AD,EF;8KC528; 8XC552; 8XC51 SAand 8XC51 7A suppor. Market Leader In Japan 


& Call today for free demo disk and ask about a free 
_ 8051 Macro Assembler! (800) 638-2423 
1", Meta 


Metolink Corporofon PO. Box 1329 Chander, Az 85244-1329 
- Phone: (602) 9260797 FAX: (602) 926-1198 TELEX: 49980SOMTINK 
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US. Tel./Fax 1-619-727-4683 / 5232 
Europe Tel./Fax 353-1-2892136 / 2892070 
Japan Tel. / Fax 81-3-3344-2001 / 2007 
Daisan Maruzen Bldg., 6-16-6 Nishi Shinjuku, 
Shinjuku-Ku, Tokyo 160, Japan. 


AVAL CORPORATION 
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-GOFAST” | 
a ee Pr arama virtastly Al Ak ory og Devices on the market 


a EP : eee 40 pin pins standard; adeable internally to 104 pins, and via external : 
ig iad F ast Accele l ator D = _ adapter module to ee of 296 pins; ‘DAC generated programming volt: 
: : of _ @ Interfaces to any IBM-PC/XT/AT/PS2 via parallel port (cable included 
e Optional snap-in palmtop PC for stand-alone operation E 
_ @ User friendly menu driven software with built-in full screen memory, fu 
map and test editor; Fully integrated Algorithm Development Enviro: 


F re eC C atalog : a allows moe to add parts to the device set! or Mad oe sr = 
The World’s Largest Collection of Adapters & |  : k= pin deers (setae < 1 














A soe EEE Secteur are omit for 8051, 
8096, 80386, i960, 6801, 6301, 6809, on. 68XxXx, 8085, 











1] : ie Gang / Set, Split pr TO we Regi — for logic 
oe and sire ee Accessories for VLSV/Surface Mount Devices | $< inc 10m Hardware SeleCalraon & Diagnoses abun AD 

| all for your ree information diskette: . : ___ converter with 25mV resolution _ 

i. @ Emulator Pods & Adapters @ Debugging Accessories _@ Device insertion detection (detects reversed and shifted insertions) 
a “641-8446; F ‘AX 903-644-2413; 800-356-7097. ® Debug Tools e Prototyping Adapters ie jab aa ae atten aes 


® Programming Adapters e Custom Engineering peer ee ee er es 


14215 NW. Science Park Drive @ Socket Converters MC / VISA / AMEX 


’ Portland, OR 97229 © 
rus SOFTWARE, 


1 us Sen: Corporation. GOFAST i is a trademark of US Software 
All trademarks neene to their — owners. — : 




















Emulation Technology, Inc. ee = 
2344 Walsh Ave. Santa Clara, CA 95051 «750. N. PASTORIA AVE. SUNNYVALE 
Phone: 408-982-0660 FAX: 408-982-0664 Lae = (408) 730-5521 
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SUPERPRO™ ~ 


68HCIl 64180 




























Limited offer — 1 month free 


e e0e0- 
=as2 » | _ Transceivers — 
eor=aoqoy 
ad g ge gc M986 transmits ad 
<M 89 2 | ges arate we 
oa forward and backwar 
= 58 => -multifrequency signals. 
= S82 S For trunk adapters, test - 
Orion’s 8620 Analyzer-Emulator Supports ~? = al Pes dual channel versions suniicbie 
i Lo . 
These Processors & Over 180 More! e395 © For N. Am. (RI) or Int'l. (R2) toll si gna a 
% Cost-effective, PC-based emulation for over 180 8- and ee 2 : 25 >> 0 @ Binary or 2 of 6 input/output format 
16-bit CPUs m Source level and symbolic debug support Special offer of this month at 3 3 ) se @ Conplee miacnreenrcic as: a 
@ Interactive triggering m Program Performance _§ nts (U.S.onl Apiphsiraeg O69 s o © 40-pin IC, 5-volt power, crystal time base : 
Analyzer @ Tremendous macro capabilities m Built-in _ no charge one o socke Ja 5 
i Mat v= 
EPROM programmer m Two-week evaluation program pit ede ° PAL © ceo or . rel Sos 1 800-426-3926 © 
m Backed by over 11 years of emulation experience! : eraser @ chip Col D- Us 206-487-1515 Fax: 206-487-2288 _ 
y y P also, TAR ROL 
Call or fax today for more info and a FREE DEMO DISK. ‘m= low cost UNIPRO at $399 oe — = 
ar 


w= EPROM programmer at $149 5 oO 
















with 3 month rental! => == 8 = =s 0 | | ar NIDVATIN 
1-800-729-7700 SF == SSS = SUNNYVALE, CA (408)745-7974 K _ =a NG “ 
Fax 415-327-9881 INSTRUMENTS _FAX(408)745-1401 BBS(408)745-7256 XELTE - = regress 7 

180 Independence Dr., Menlo Park, CA 94025 - = : Teltone Corporation, 22121-20th Avenue SE, Bothell, WA 98 
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_ PROM DISK EMULATOR 





*] MB EPROM or SRAM or combination of both 

*On-board embedded uP protects EPROM against 
software piracy 

*On-board Watch-Dog timer permits ene 
against unexpected program stoppages caused by 
“bugs” 

*Emulate single disk or dual disk. Switch selectable 
driver unit (A, B, C, D) 


*Plug-in PGM module for direct on-board programming 


*Auto-boot as driver A or come up as driver D 
_ *§249/Ok. Distributors/OEM welcome 


INLOG Microsystems 
- 13353 Alondra Blvd. Suite 106 
Santa Fe Springs, CA 90670 
TEL: (213) 802-9767 FAX: (213) 802-2048 
CIRCLE NO. 349 







$475 
PAL EPROM 
GAL 8748/49 
PROM __ 87C51... 


- EEPROM EXOTIC's 
=< 3 

#= 5nsPALs - 
Zz ce 

=2 4MegEPROMs £: 
: z ___ Parts added at your request. Br 
Fe on 
= 27 
52 Powerful merlu driven software. © S 


FREE in updates on BBS. 


Call — (201) 808-8990 

Link Computer Graphics, Inc. 
( {5 369 Passaic Ave., Suite 100 | 

Fairfield, NJ 07004 FAX: 808-8786 


CIRCLE NO. 752 


R&M PREDICTION AND 
FMECA SOFTWARE 


eres Systems offers software to pre- 
dict reliability, maintainability and FMECA. 
Since 1982, hundreds of users have selected 
from our large, versatile, integrated software 
tamily for military and industrial equipment, 
electrical or mechanical. Program highlights 
include: visible assembly hierarchy, defaults 
and library data, extensive report sorting, user 
defined reports, what-if and derating analysis, 











|= and concurrent engineering data links. 


@ MIL-HDBK-217 #DTRC-90/010 
@ MIL-HDBK-472 @ MIL-STD-1629 
@ MIL-HDBK-338 @MIL-STD-756B 
@ Bellcore @ NPRD-91 


===== POWERTRONIC 
= = >= SYSTEMS, INC. 


- 13700 Chef Menteur Hwy. 
New Orleans, LA 70129 
504-254- 0383 @ FAX: 504-254-0393 


CIRCLE NO. 755 
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UNIVERSAL PROGRAMMER 























REMOVE 
HARDWARE LOCKS 


PROTECT YOUR INVESTMENT! 
MAINTAIN PRODUCTIVITY! 
Software utility that allows for 
the removal of hardware locks. 


‘Available for most major 
CAD/CAM and PCB 
software programs 


Easy - Simple - Guaranteed 
Programs start at $99.00 U.S. 


Visa and Mastercard Welcome 
Call or Fax for more Information 


SafeSoft Systems Inc. _ oe 
202-1100 Concordia Ave. Phone (204) 669-4639 
Winnipeg, Mb. R2K aus FAX (204) 668-3566 


Canada 
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MIL-STD-1553 


TEST EQUIPMENT 
¢ Complete error injection/detection capability for 
1553 A/B terminals and systems 

Simulates a Bus Controller, up to 32 Remote 
Terminals and/or a Bus Monitor 

¢ Supports all phases of testing: Berenice 

Validation and Production 
¢ Dynamic/Real-time simulation 


2-DAY SEMINAR 
¢ Comprehensive discussion of MIL-STD-1553 
and testing 
e Lab session illustrates 1553 communication and 
provides experience in trouble-shooting 
© Offered in Phoenix three times a year and 
available on-site 


VALIDATION TESTING 


Approved by the Air Force | 

Testing to the RT VALIDATION TEST PLAN 
Approved test procedure and test report 
Assistance in analyzing test results and trouble- 
shooting 


TEST SYSTE MS, Inc. —_ 


217 W. Palmaire ¢ Phoenix, AZ 85021 e (602) 861-1010 
Supporting MIL-STD-1553 since 1979 


CIRCLE NO. 753 
Library Doubled and WINDOW 3.0 with VMS 


DC/CAD 


CAD Showdown Results! 


Integrates Schematic Capture, 
PCB Layouts & Autorouting 

This top-rated CAD out-routed the competition in the 1990 CAD 
Showdown. DC/CAD displayed its power and flexibility when 
routing a double-sided board while competing routers used four 
to six layers. This non-copy protected package with surface 
mount support includes: 
¢ Multi-strategy 1-mil parts autoplacer 
¢ “1-mil” autorouting w/ripup & retry DC/CAD $59 

: Z ee 
* Thorough annotating design rule checker Wtsutaaeaie 
¢ Full 2-way GERBER and DXF support 
¢ Optional autoground plane support with cross-hatching 
¢ Optional simulation capability & protected mode for 386 users 


feral today 





LEASE PROGRAM & SITE LICENSE AVAILABLE 
30 DAY MONEY BACK Se 


MBDESIGN ee, feie'y| 
@ZCOMPUTATION ° 2 en wars o 


Rt. 33, Sherman Square Farmingdale, NJ 07727 
(908) 938-6661 © (908) 938-6662 (FAX) 


DC/CAD. . . Innovative, Intelligent & Integrated Software 
CIRCLE NO. 756 






























| modes and effects 
| packages for 


| analysis. — 







































Relex 
Reliability Software 


. Relex products are noted for 
their outstanding quality, 

. ease-of-use, flexibility, and 
~ comprehensive array of 
_ features. A wide range of 
packages are available to 

meet your price and 
product requirements. | 

And all products are | 
fully guaranteed! 







Innovative Software Designs 
offers an unbeatable set of 
reliability analysis software , 
tools with its Relex pro- — 
duct line. The Relex line — 
includes electronic relia- 
bility analysis according 5 1 es 
to MIL-HDBK-217, ZL\/ 


Belicore, and CNET, oN 

mechanical reliabil- ks » ET 

ity seek falline Bellcore 

Mexelarelaiierl| eae ae 

ee ee - ISD's long 
Wie RC OLOLEIOIEMD | ist of satis. 
See) Lee ie lores Cae fied cus- 

Ca | culs Simplitiés eee 

y¥ BETAsoft Thermal . 

r WeibullSMITH Analysis 
























a 

















Call today for 
analysis. Also — more informa-— 


available are 















thermal and 
Weibull — 




















SSS... 
Innovative Software Designs, Inc. 

One Kimball Ridge Court “Baltimore, MD 271226. — 2 
(301) 747-8543 © Fax (301) 747-8599 - 
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Combine Your 
Product Mart Ads 


In EDN's Magazine — 
News Editions for _ 
higher impact anda 

lower rate. | 







CIRCLE NO. 754 









VGA Distribution Amp 


TwinSplit™ 


™ Connect 2 VGA monitors up to 200 | 
feet away at once @ Supports all VGA/ 
SVGA cards and monitors @ 4 and 8 
output models available ™ Only $295, Le 
year warranty. 


alae 
~ (LE¢Speciatties, Inc 


TEL: 516-273-0404 FAX: 516-273-1633 
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CAREER OPPORTUNITIES 


Call today for information on 
Recruitment Advertising: 


East Coast: Janet O. Penn (201) 228-8610 
West Coast: Nancy Olbers (603) 436-7565 
National: Roberta Renard (201) 228-8602 


INSTRUMENT 
DEVELOPMENT ENGINEER 


Experienced, versatile electronics en- 
gineer sought to develop and integrate 
scientific payloads onto experimental 
high-altitude unmanned aircraft. 
Demonstrated familiarity with digital and 
analog hardware, control software, 
various atmospheric sensors Is re- 
quired. Desire to work in small team on 
fast-paced projects is vital. Please send 
resume and salary history to: 
John Langford 
Aurora Flight Sciences 
Box 4134 
Manassas, Virginia 22110 





ENGINEERS ° 
NGINEERS =TechniSource 

Your Source For Top Quality Jobs & Contracts 
Direct Jobs: 


Systems Eng.- exp. in devel. + integration of avionics systems, 
avionics SW HW devel. a + 

Systems Eng.- "Structured Methods" exp. 

SW Eng.- CASE + modular design exp.; also real-time SW devel 
or ADA high-level language or Raster graphics SW Design b 
SUN Workstation (UNIX-C) tools exp. or FAA DO-178A SW 
verification/validation 

HW Eng.- digital/anaolog, BSEE or MSEE 

Mech.Eng.- BSME, 7-10 yr.exp., exp. in: electronic pkg. analyzing 
tolerances, commercial/military avionics equip. design exp. a + 

Russian speaking Eng.- willing to travel to Soviet Republics 

Contract Positions: 

SW Eng.- ADA, real-time, avionics 

SW Eng.- C, UNIX, DOS, CAD/CAE 

SW Eng.- Sybase, database devel. 

SW Test Eng.- Bldg. specs, structural design methodology 

SW Test Eng.- Verification + Test, C/Assembly, modules 

Structural Eng.- CATIA + Composites 

SW- C/TCP-IP/Real-time 

Autocad- 2D/EM DSG/ Tolerances/ Chassis/ Rack + Stack 

PCB Designer- valid Allegro/ PWB layout exp. 

CAD- Valid Allegro/ CAE Library devel. 

BSEE or MSEE- computer controllers + cross point switchers 
exp., video or audio exp. 

Tech Wrniter- T1/E1 multiplexers or DACS or Channel banks, 

UNIX exp. req. 

SW Eng.- C, 68302 


Corporate Office Central Florida 
1901 W. Cypress Creek Rd. 800-899-TECH or 813-576-1433 
Suite 400-22 ; 

Midwest 
Ft. Lauderdale FL 33309 
800-229-TECH 800-899-0061 or 708-887-1090 
305-493-8601 Northeast 


FAX 305-493-8603 
EDN January 2, 1992 


800-394-0094 or 203-847-1847 
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MICROELECTRONICS IN ARIZONA 


In 1973, Micro-Rel was founded to meet the challenges of the 
growing microelectronics industry. Today, we're a stable leader 
in our field and an exceptional place to build a career. Micro-Rel’s 
specialties include full-custom and cell-based custom designed 
Bipolar, CMOS and BiMOS integrated circuits. Due to our steady 
growth, we need talented professionals who thrive in the excite- 
ment of our state-of-the-art environment. Consider these current 
opportunities. 


PRINCIPAL PACKAGING ENGINEER 


You will be responsible for the development of high-density pack- 
aging of microelectronic hybrid circuitry. You should be familiar 
with multichip-module technology, high-density wire bonding and 
silicon substrate technology. A BSEE or related technical degree 
plus 8 years packaging and engineering experience required. 


STAFF PRODUCT ENGINEER 


You will be responsible for supporting major hybrid/semiconduc- 
tor products. BSEE degree (MSEE preferred) with a minimum of 
5 years experience in hybrid/semiconductor product engineer- 
ing required. IC design, wafer processing, and semiconductor 
physics experience desirable. 


STAFF IC DESIGN ENGINEERS 


You will be responsible for designing IC’s simulation and bread- 
board verification. You must have a BSEE degree plus 5 years 
experience in designing complex digital/analog IC’s. 


SR TEST ENGINEERS 


We currently have opportunities in our IC test sustaining and 
development areas. A BSEE or BSEET degree wih 3 years 
experience in mixed signal IC testing required. 


Discover the best in life style and career opportunities. Please 
forward your resume in confidence to: Micro-Rel, Dept. 
EDN10292, 2343 W. 10th Place, Tempe, AZ 85281. 





Medtronic 3) Micro -Re! 


An Equal Opportunity Employer 






At the center of Altera’s success are people. 
Valued people with the innovative ideas that 
created programmable logic devices 
(PLDs). Their diversity and commitment 
to excellence is the driving force behind us as 
we progress into the future with new designs and 
development systems. 



























Just like our products, a career with Altera is “user- 
configurable”. We'll give you the opportunity and the room to 
advance. Join other great people with the determination to be the 
best and together we'll keep moving forward with revolutionary 
products and breakthrough architectures. 


We’re currently seeking talented individuals with 2-7 
years’ related semiconductor experience and appropri- 
ate degrees. PLD/EPLD/FPGA experience is necessary. 
Entry-level Design Engineers are encouraged to apply. 


e CAD ENGINEERING MANAGER 

¢ IC DESIGN MANAGER 

¢ IC DESIGN ENGINEERS (8) 

¢ SOFTWARE RELEASE SUPERVISOR 
¢ PRODUCT ENGINEERS (3) 

¢ MANUFACTURING ENGINEER 

¢ TEST ENGINEERS (2) 

¢ DEVICE YIELD ENGINEER 

e PACKAGING ENGINEER 

¢ SENIOR INDUSTRIAL ENGINEER 
¢ DISTRICT SALES MANAGER 


Please send your resume to: Altera Corporation, Human Re- 
sources Department/EDN, MS/1101, 2610 Orchard Parkway, 
San Jose, CA 95134-2020. Equal Opportunity Employer 
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ooking for a 
superior career path in 
integrated circuits and 
solutions? You can 
travel farther, faster 
with Advanced Micro 
Devices. Innovation 
and the right industry 
moves have put AMD 
in a commanding 
position in 
microprocessors and 
Roar atm oul iorloe 
programmable logic 
devices, high 
performance 
memories, and the 
World Network™ 
Solution. We’re ready 
to challenge the world 


with our simply 


superior products. 


Take the Advanced 


path to the leading 
edge in the exceptional 
living and working 
environment of our 


Austin, Texas facility. 


SPEED LEADERSHIP |: 
FINER GEOMETRIES J 





LEADING EDGE 
PROCESS te] Rel c) 


‘SIMPLY 


SR. DESIGN ENGINEERS 


Requires experience in CMOS ASIC design and 
an understanding of PC Systems. BSEE 
required. 


SR. TECHNICAL 
MARKETING ENGINEERS 


Requires the ability to make effective customer 
presentations using product value characteris- 
tics and competitive analysis data. An 
understanding of CMOS microprocessors and 
portable PC Systems is also required. BSEE; MS 
preferred. 


SR. PRODUCT ENGINEER 


BSEE with 3+ years product engineering 
experience in testing and evaluating complex 
MOS integrated circuits. Position responsible 
for yield analysis, new test equipment 
introduction, and supporting all reliable testing 
and reject failure analysis. 


PROCESS INTEGRATION 
ENGINEER 


Responsible for the transfer of technologies and 
optimization of processes for high quality and 
yields. 5+ years experience in process 
integration of CMOS memory devices and 
hands-on development of submicron process 
technology. Experience with EPROM, FLASH 
and other non-volatile memories. MSEE/PhD 
preferred. 


CAD ENGINEER 

1+ years of experience in VLSI design with 
knowledge of “C” programming. BSEE 
required. 


SR. PROCESS ENGINEER- 
THIN FILMS/IMPLANT 

5+ years of direct wafer fab process engineer- 
ing experience required. Must be familiar with 
Ion Implantation, thin films, SPC and DOE. 
Supervisory experience a plus. Technical BS 
degree required. 











PHYSICAL DESIGN 
Responsible for Physical Design of CMOS VLSI 
chips. Background in using state-of-the-art CAD 
tools from Mentor, Cadence, Silvar Lisco and 
others in the performance of chip layout, 
verification and analysis is essential. Compiled, 
cell based and custom layout techniques will 
be used in a networked workstation environ- 
ment. BSEE a plus. 


NETWORK ENGINEER 


Must have 1-2 years experience with the design 
and implementation of network configurations, 
as Well as familiarity with the following media: 
Ethernet-10Base T, 10Base5, 10Base2; RS232, 
V.35, fiber and Apollo token ring. Operating 
systems should include Unix, DEC-VMS and 
IBM-VM, MVS. BS/BA in Computer Science or 
Electrical Engineering required. 


SR. EQUIPMENT 
ENGINEER 


Responsible for the implementation of statistical 
equipment control systems. BSEE preferred 
plus 4 years experience in interface electronics 
and control systems. Must be familiar with most 
fab equipment and facilities requirements. 


Qualified applicants should send a resume to: 
Advanced Micro Devices, MS-556/EDN192, 
5204 E. Ben White Blvd., Austin, Texas 
78741, Attn: Professional Staffing. You may 
also call (512) 462-5355 or FAX your 
resume to (512) 462-5108. 


We are an equal opportunity employer. 


Frademarks are registered to their respective companies 








Seek the advanced path. 


EDN January 2, 1992 


LIMITED ONLY 





BY YOUR IMAGINATION. 


EDN January 2, 1992 





Remember how quickly you could turn a concept into 
reality with a set of building blocks? How easily you could 
modify your creation to explore creative alternatives? 


Then you'll enjoy working at Vicor. We’re a world leader 
in the design, manufacture, and marketing of modular 
power components and systems. 


Right now, we’re looking for more people who would like 
to put their imaginations to work in the following areas: 


Manutacturing Engineer 


In this newly created position, you will support our fast 
paced thru-hole and automated surface mount manufac- 
turing lines. Assist in developing TQM philosophy, 
provide guidance in the principles of SPC, with particular 
emphasis in sophisticated robotic placement processes 
and the design of future hybrid applications. 


Process Engineer 


With a thorough knowledge of automation, SMT, 
encapsulation and process documentation, this engineer 
will support our efforts in the areas of power circuit 
manufacturing and circuit board assembly. 


Applications Engineer 


Working together with our sales, marketing, engineering 
and manufacturing organizations the applications engineer 
assists our customers in developing sophisticated compo- 
nent power solutions utilizing our innovative modular 
power system building blocks. 


Senior Power Design Engineers 


Working in our Research & Development organization, 
design and develop state-of-the-art component power 
solutions and innovative modular power system building 
blocks, from concept through manufacturing support. 


Please send resume, including salary requirements, to: 
Employment Office, Dept. EDN, Vicor Corporation, 


23 Frontage Road, Andover, MA 01810. 
An Equal Opportunity Employer. 
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Leading Edge, High Performance, 
Open Systems... That's 
INTERPHASE CORPORATION! 
We are a rapidly growing, publicly 
aie, ey held manufacturer of a broad 
aS ef’, ~ _ ine of high performance 
a ey, 45 eg, disk, tape and networking — 
Vo controllers and subsystems 
for the worldwide OEM 
Ae computer industry. If you are 
Pie g £ «innovative and have the drive to push 
EF. the limits of high technology, the following 
7 ¢.< Openings are for you! 
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Firmware Design Engineer - Dallas, Tx. 


-” Individual will participate in the development of FDDI VMEbus 
products. Position leads to project-level management of board-level 
and standalone FDDI products. Minimum of 3-5 years firmware devel- 
opment in a C and UNIX environment required. Working knowledge of 
protocols and FDDI is a plus. Prefer BSCS or equivalent experience. 


f'---* Applications Engineer - Dallas, Tx. 
“=: — \ndividual will provide second level technical assistance for customers and 
“2 |laison between Customer Service and Engineering. Will maintain an in-depth 

' product and system knowledge in order to identify and solve software and hardware 
problems. Assemble hardware, generate test scripts or programs (C, assembler, or 
ge fo shell lanquage), and modify software drivers. Minimum of 3 years experience with C in 

fort a UNIX environment required. Systems administration experience a plus. Prefer BSCS 
ec" or equivalent experience. 


AN EQUAL OPPORTUNITY EMPLOYER NO AGENCIES 


Performance! 


Systems Administrator - Dallas, Tx. 


Candidate will be responsible for the 
administration of Engineering Service's UNIX 
based workstation network. Primary duties will 
involve VALID systems administration, training 
engineers, developing and maintaining on-line 
help, writing behavior model in C, supporting 
schematic entry, component packaging and 
simulation. Minimum of 2 years experience 
with UNIX, O/S administration, C programming, 
shell programming and networking required. 
Experience with PC-NFS, modeling and 
simulation desired. Prefer BSEE, BSCS or 
equivalent experience. 


Software Engineer - Dallas, Tx. 


Candidate will develope device drivers for 
various INTERPHASE products. Experience 
with UNIX, Kernal I/O, TCP/IP or other protocol 
experience on Super-minicomputer or mini- 
computer required. Minimum five years writing 
UNIX device drivers required. BSCS required. 
MSCS preferred. 


Networking Programmer - Mountain View, Ca. 


Individual will participate in the development of 
networking coprocessor products in a real-time 
environment. Three years experience devel- 
oping networking software in a real-time UNIX 
environment required. Working knowledge of 
TCP/IP, UDP and NFS/RPC desirable. Prefer 
BSCS, BSEE or equivalent experience. MSCS 
or MSEE a plus. 


EDN January 2, 1992 


Software Performance Engineer - 

Mountain View, Ca. 

Candidate will benchmark and test networking 
products as well as interface with all OEM's/ 
customers regarding performance issues. 
Minimum of 5 years experience with UNIX and 
C programming and 2 years of performance 
evaluation and benchmarking. Prefer BSCS, 
BSEE or equivalent experience. MSCS or 
MSEE a plus. 


Software Engineer - Mountain View, Ca. 
Individual will install and patch install product 
related utilities, network management agents 
and user interfaces. Minimum of 3 years UNIX 
and C programming required. Experience with 
the Bourne shell scripts, sed, awk, and 
systems administration desired. Exposure to 
NFS a plus. Prefer BSCS or equivalent 
experience. MSCS is a plus. 


INTERPHASE CORPORATION offers competi- 
tive salary and excellent benefits. For 
immediate consideration, send resume to: 


CORPORA T LO N 


$i INTERPHASE 


Human Resources 
Dept. EM192 

13800 Senlac 
Dallas, TX 75234 
Fax: (214) 919-9200 
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- keepingdevic-§ QS 2 Lf ibraries : , | oe 
programming <_< _2 Opay for only To qualify, just call us with the 
costs down. It _ ,—., you need, when _ brand name and serial number of any _ 
offers leading-edge support for ~~ need it. And you ¢ programmer you are currently using 
FPGAs, PLDs, memory devices, —s_—© he 2900/3900 Programn = =~—4 ona ae 
and microcontrollers up to 88 pins, Series for as little as $2995* Move up -800 -3 -DatalO . 
with future device and package capa- _ to 88-pin support and beyond with a 2 (1-800-332-8246) — 


*US. list price only. 


The Personal Silicon Experts 


Data 1/O Corporation 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 881-6444 
1-800-3-DatalO (1-800-332-8246) es 

Data 1/O Canada 6725 Airport Road, Suite 302, Mississauga, Ontario L4V 1V2 (416) 678-0761 | 

Data 1/O Europe World Trade Center, Strawinskylaan 537, 1077 XX Amsterdam, The Netherlands + 31 (0)20-6622866 

Data I/O GmbH Lochhamer Schlag 5A, 8032 Graefelfing, Germany, 089 858580 oe 

Data 1/O Japan Sumitomoseimei Higashishinbashi Bidg., 8F, 2-1-7, Higashi-Shinbashi, Minato-Ku, Tokyo 105, Japan 
033 432 6991/Telex 2522685 DATAIO J . 

Data 1/O Limited 660 Eskdale Road, Winnersh, Wokingham, Berkshire, United Kingdom RG11 5TS, 0734 440011 : Corpor ation 


©1991 Data |/O Corporation 
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EDN’s ACRONYMS AND 
ABBREVIATIONS 


USED IN STAFF-WRITTEN AND CONTRIBUTED ARTICLES 





ASIC—application-specific integrated circuit 
CAE—computer-aided engineering 


CMOS—complementary metal-oxide semiconductor 
CPU—central processing unit 
DIP—dual in-line package 
DOS—disk operating system 
EDA—electronic design automation 


AFFORDABLE ATE FR4—a low-cost, epoxy-laminated substrate material commonly used 
with plastic surface-mount packages 
HDTV—high-definition television 
IC—integrated circuit 

JTAG—Joint Test Action Group 
LSB—least significant bit 
MCM—multichip module 
MSB—most significant bit 
npn—n-type p-type n-type 
OOP—object-oriented programming 
pe board—printed-circuit board 
PLCC—plastic leaded chip carrier 





Advanced, portable, board repair and 

diagnostic system. 

@ Identifies printed circuit faults, IC , : 
failures and much much more PLD—programmable logic device 


@ No programming, no fixturing, no pnp—p-type n-type p-type 


circuit diagrams required. No PC 
acca es = PROM—programmable read-only memory 


TELEPHONE @ Up to 40 pin in- and out-of-circuit test, QTAI—quick turnaround interconnect technology 
ee plus SOV RAM—random-access memory 

@ Worldwide distributor network. ; 
0226 350145 UK ONLY orlawide ia sacredness RF—radio frequency 


ABI El ics Ltd. oka se 
INTERNATIONAL aaa etiam Sa ee SOIC—small-outline integrated circuit hae 
+ 44 226 350145 Barnsley, South Yorkshire S74 9TG SOJ—small-outline J-lead, a surface-mount integrated circuit 
+ Gg RG RE UNITED KINGDOM TAB—tape automated bonding 
FOR DETAILS Tel: (0226) 350145 Fax: (0226) 350483 TSOP—thin small-outline package 
gr ei Telex: 547938 EXPERT G : : 

ac TTL—transistor-transistor logic 


VIDEO NOW AVAILABLE 
EDN January 2, 1992 CIRCLE NO. 71 151 








FOR THOSE WHO THINK SOMETHING 
HAS TO BE BIG TO BE POWERFUL. 
CHEW ON THIS. 








P Small and powerful. These three little words are giving Omron a big 
name among relay users. That’s because Omron’s advanced family of high-tech low-signal 
and RF relays have been designed for higher board densities and lower power consumpton 
without sacrificing high performance specifications. Omron’s G6N, for example, meets the 
new telecom industry surge withstand requirement of 2.5 KV (nearly double the previous stan- 
dard) in a package almost half the size. And the new surface-mountable G6H provides supe- 
nor performance in a low profile design to eliminate I.R. shadowing. ‘These and other Omron 
low signal relays provide cost- effective solutions for advanced 


PC board applications. When OM ROM you need a small relay that can 
take a bite out of the big jobs, e call us at 1-800-62-OMRON for 


more information about our WE HAVE THE FUTURE IN GONTROL. full line of control components. 
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1986 PDS PADS ADS YDS 
MDS PADS PADS PADS PADS 


YDS PADS PADS PADS 
PADS PADS PADS PADS 


PADS PADS PADS 


PADS PADS 


CAD Software, Inc. is now 
PADS Software, Inc. 1992 























In 1986, CAD Software, Inc. intro- 
duced PADS-PCB, our first circuit 
board design system. Since then, our 
product philosophy of easy-to-use, 
cost-effective CAD tools has made 
PADS-PCB the world leader in PCB 
design. 

In 1990, we extended the PADS 
product philosophy with PADS-2000, 


the first CAD system to truly 
use the 32 bit power of 
~ advanced personal computers. 


Today, with the introduction of 
PADS-2000/UX, we offer user- 
friendly, high performance PADS 
design tools for UNIX workstation 
users. And, because PADS has become 
the recognized leader in PCB CAD, we 
are changing our name to PADS 
POR WORE, Inc. 


Finally, one company offers 
an integrated design solution 
for every hardware platform. 





Software, Inc. 
Personal Automated Design System 


To find out more about the entire PADS Product line, call our sales hotline at 1-800-255-7814. 
PADS Software, Inc. 119 Russell Street Littleton, MA 01460 
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